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STORAGE MEDIUM HAVING IMAGE
RECOGNITION PROGRAM STORED
THEREIN, IMAGE RECOGNITION
APPARATUS, IMAGE RECOGNITION

SYSTEM, AND IMAGE RECOGNITION
METHOD

CROSS REFERENCE TO RELATED
APPLICATION

The disclosure of Japanese Patent Application No. 2010-
133510, filed on Jun. 11, 2010 and Japanese Patent Applica-

tion No. 2010-140334, filed on Jun. 21, 2010 1s incorporated
herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a storage medium having,
stored therein an 1mage recognition program for recognizing
a predetermined 1image object from an 1mage captured by an
image-capturing section, an 1mage recognition apparatus, an
image recognition system, and an 1image recognition method.

2. Description of the Background Art

There are conventional techniques for detecting a prede-
termined 1mage object from an 1mage (captured 1image) cap-
tured by an 1mage-capturing section such as a camera. For
example, Non-Patent Document 1 (Hirokazu Kato, Mark
Billinghurst, Koichi Asano, Kethachiro Tachibana, “An Aug-
mented Reality System and its Calibration based on Marker
Tracking”, Journal of Virtual Reality Society of Japan, Vol. 4,
No. 4, 1999) describes performing an 1mage recognition pro-
cess on a marker included 1n an 1mage captured by a camera
in an augmented reality technique. In Non-Patent Document
1, connected regions are extracted by binarizing the captured
image using a fixed threshold value, and those of the con-
nected regions with an appropriate size and shape are selected
as marker candidates, which are subjected to pattern match-
ing so as to detect a marker.

With the recognition method described in Non-Patent
Document 1, the image recognition process 1s performed by
pixels of the captured image as mput. Therefore, when the
input 1mage has a high resolution (high definition), the
amount of time required for the image recognition process 1s
increased. On the other hand, 1f the image recognition process
1s simply performed with a lower precision (at coarser pixel
pitches) than the pixel pitch of the mput captured image, the
marker detection precision 1s lowered.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to provide
a storage medium having stored therein an 1mage recognition
program capable of shortening the amount of time required
for detection while maintaining the object detection preci-
s101, an 1mage recognition apparatus, an 1mage recognition
system, and an 1mage recognition method.

The present invention employs configurations (1) to (14)
below to solve the problems mentioned above.

(1)

The present mvention 1s directed to a computer-readable
storage medium having stored therein an 1image recognition
program to be executed by a computer of an information
processing apparatus for detecting a predetermined image
object included 1n a captured 1mage captured by an 1mage-
capturing section. The 1mage recognition program instructs
the computer to function as: an 1image obtaining section, an
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area detection section, and an object detection section. The
image obtaining section obtains the captured image captured
by the image-capturing section. The area detection section
detects an object area of the captured image that includes the
predetermined 1image object based on pixel values obtained at
a {irst pitch across the captured image. The object detection
section detects the predetermined image object from an
image of the object area based on pixel values obtained at a
second pitch smaller than the first pitch across the object area
of the captured image.

The “image-capturing section” may be built 1n the infor-
mation processing apparatus, or may be a separate unit from
the information processing apparatus. Where the image-cap-
turing section 1s built 1 the information processing section,
the 1mage-capturing section may be fixedly attached to, or
detachable from, the information processing apparatus. The
image-capturing section may operate in cooperation with, or
independently of, the operation of the information processing
apparatus.

While the “predetermined 1mage object” 1s a first graphic
pattern 55 included 1n a marker 51 1n the embodiment to be
described later, 1t may be any object as long as 1t can be
recognized by the recognition process. For example, the “pre-
determined 1mage object” may be the face or a body part of
the user (player).

The “information processing apparatus” 1s a concept
encompassing any computers that process information by
executing computer programs, as well as the game apparatus
described 1in the embodiment to be described later. The “infor-
mation processing apparatus” may or may not be of a portable
type.

While the “image recognition program” 1s, for example,
the game program described 1n the embodiment to be
described later, 1t 1s a concept encompassing application pro-
grams to be executed by personal computers or portable ter-
minals.

The “image obtaiming section” may obtain a captured
image from an 1mage-capturing section provided in the infor-
mation processing apparatus via an iternal bus, or the like,
may obtain a captured 1mage from an image-capturing sec-
tion provided outside the information processing apparatus
via telecommunications, or may obtain a captured image
from a storage medium storing therein a captured image
captured by an 1mage-capturing section when the storage
medium 1s attached to the information processing apparatus.

The “pixel value” may be any information as long as it 1s a
value representing the color, the luminance, etc., set for a
pixel.

The “area detection section” may be any section as long as
it detects an object area including a predetermined image
object, and the specific method for detecting the object area
may be any method.

The “second pitch” may be of any length as long as it 1s
smaller than the “first pitch”. Where a plurality of different
processes are performed in the 1image object detecting pro-
cess, as 1n the embodiment to be described later, 1t 1s only
required that at least one of the processes 1s performed based
on pixel values obtained at the second pitch.

The “object detection section” may be any section as long
as 1t can detect a predetermined 1image object from an object
area, and the specific method for detecting the predetermined
image object may be any method.

To “detect a predetermined 1mage object” 1s a concept
encompassing to determine whether a predetermined image
object 1s present within the captured image (to detect the
presence of the predetermined 1mage object), as well as to
calculate the position (and/or direction) of the predetermined
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image object within the captured image as in the embodiment
to be described later or the configuration (2) below. That 1s,
the detection result of the object detection section may be
information regarding the position and/or direction of the
predetermined 1mage object in the captured 1image, or may be
information representing whether the 1image object 1s present
within the captured 1mage.

With the configuration (1) above, the area detection section
detects the object area first with a low precision, and then the
process of detecting the predetermined image object from the
object area 1s performed with a high precision. Thus, the
object area detection process 1s performed with a low preci-
sion and the range across which the process of detecting the
predetermined 1image object 1s performed 1s limited to within
the object area, and it 1s therefore possible to perform the
recognition process 1n a short period of time. Since the pro-
cess of detecting the predetermined image object 1s per-
formed with a high precision, 1t 1s possible to detect the
predetermined 1mage object precisely. Therefore, with the
configuration (1) above, 1t 1s possible to provide a recognition
process with which 1t 1s possible to shorten the amount of time
required for detection while maintaining the object detection
precision.

(2)

The object detection section may detect the 1image object
by calculating a position of the predetermined image object
within the captured image based on the pixel values obtained
at the second pitch.

With the configuration (2) above, the position of the pre-
determined 1mage object within the captured image can be
calculated accurately with a high precision. Where the posi-
tion 1s calculated as the image object detection result, as with
the configuration (2) above, the precision of the position
calculated and the amount of time required for the calculation
are important. Therefore, as with the configuration (2) above,
when calculating the position of the predetermined image
object, the present invention 1s particularly effective because
it 1s possible to shorten the amount of time required for
detection while maintaining the detection precision.

(3)

The predetermined 1mage object may include a graphic
pattern with a plurality of inner graphic patterns drawn
therein. Then, the object detection section detects the plural-
ity of inner graphic patterns from the image of the object area,
and calculates a center position of each mner graphic pattern
based onthe pixel values obtained at the second pitch, thereby
detecting the position of the predetermined 1image object.

The “inner graphic pattern” may be any graphic pattern as
long as 1t 1s drawn 1nside the predetermined image object.
While 1t 1s a plurality of white circles in the embodiment to be
described later (FI1G. 6), the shape, the number, the size and
the color thereot are not limited thereto.

The “center position of an inner graphic pattern” does not
have to be the position of the center of the inner graphic
pattern in the strict sense, but may be a position 1n the vicinity
of the center of the inner graphic pattern which can be calcu-
lated by any of various arithmetic operations. For example,
the “center position of an inner graphic pattern” may be
calculated as an average value among pixels representing the
outline of the mner graphic pattern, or where pixels of the
captured 1mage are weighted in some manner, 1t may be
calculated as the center of gravity among pixels within the
area of the inner graphic pattern.

With the configuration (3) above, the position of the pre-
determined 1image object 1s detected based on the center posi-
tion of the inner graphic pattern, rather than the outline of the
predetermined image object. Since 1t 1s difficult to accurately
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detect the outline of the predetermined 1image object if the
captured 1mage 1s blurred, it 1s not possible to accurately
detect the position of the predetermined 1mage object from
the outline. In contrast, the center position can be calculated
accurately even if the captured 1mage 1s blurred. Therelore,
with the configuration (3) above, 1t 1s possible to accurately
calculate the position of the predetermined image object even
if the captured 1mage 1s blurred.

(4)

The 1image recognition program may instruct the computer
to further function as an outline extraction section for extract-
ing an outline of the predetermined 1mage object in the object
area detected by the area detection section. Then, the object
detection section detects the plurality of inner graphic pat-
terns from an area within the outline extracted by the outline
extraction section.

With the configuration (4) above, since the mner graphic
pattern 1s detected from the area within the outline extracted
by the outline extraction section, 1t 1s possible to appropri-
ately determine the range across which the detection of the
inner graphic pattern 1s performed. Thus, 1t 1s possible to
prevent the process of detecting the iner graphic pattern
from being performed wastefully on unnecessary areas, and 1t
1s therefore possible to more efliciently perform the recogni-
tion process.

(3)

The outline extraction section may extract the outline of the
predetermined 1mage object based on pixel values obtained at
a third pitch smaller than the first pitch and larger than the
second pitch across the captured image.

With the configuration (5) above, since the outline extract-
ing process 1s performed with a lower precision than that of
the process of detecting the mnner graphic pattern, 1t 1s pos-
sible to perform the outline extracting process in a shorter
period of time. As a result, 1t 1s possible to perform the
recognition process 1n a shorter period of time.

(6)

The 1image recognition program may instruct the computer
to function as an object determination section for determining,
whether the outline extracted by the outline extraction section
represents the predetermined 1mage object. Then, the object
detection section detects the plurality of inner graphic pat-
terns from within an area corresponding to an outline that 1s
determined by the object determination section to represent
the predetermined 1mage object.

With the configuration (6) above, 1t 1s possible to determine
whether the predetermined 1mage object 1s included within
the object area based on the extracted outline. Then, 1f the
predetermined 1mage object 1s not included within the object
area, the process of detecting the inner graphic pattern 1s not
performed for that object area. Therefore, with the configu-
ration (6) above, object areas that do not include the prede-
termined 1mage object can be excluded from the process of
detecting the 1nner graphic pattern, and 1t 1s therefore possible
to prevent the process of detecting the 1nner graphic pattern
from being performed wastefully. Thus, 1t 1s possible to effi-
ciently perform the recognition process and to perform the
recognition process 1n a shorter period of time. Particularly,
where the configurations (5) and (6) above are combined with
cach other, the process of detecting the inner graphic pattern
which requires a relatively long time (as it 1s performed with
a high precision) can be omitted by virtue of the outline
extracting process which 1s performed relatively quickly (as 1t
1s performed with a low precision), and it 1s therefore possible
to perform the recognition process more eificiently.
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(7)

The object detection section may include an inner area
detection section and a position calculation section. The inner
area detection section detects areas ol a plurality of inner
graphic patterns in the object area. The position calculation 5
section calculates center positions of areas detected by the
inner area detection section.

With the configuration (7) above, the process detects an
area of the mner graphic pattern and calculates the center
position of the detected area, and 1t 1s therefore possible to 10
casily calculate the center position of the iner graphic pat-
tern.

(8)

The 1nner area detection section may detect areas of the
plurality of inner graphic patterns based on pixel values 15
obtained at a fourth pitch smaller than the first pitch and larger
than the second pitch across the captured image.

With the configuration (8) above, the process of detecting
the area of the inner graphic pattern 1s performed with a lower
precision than the process of calculating the center position, 20
and 1t 1s therefore possible to perform the process of detecting
the area of the inner graphic pattern in a shorter period of time.

As aresult, 1t 1s possible to perform the recognition process in
a shorter period of time.

(9) 25

The object detection section may further include a number-
of-areas determination section for determining whether the
number of areas detected by the inner area detection section1s
a number within a predetermined range. Then, the position
calculation section calculates center positions of the areas 30
detected by the inner area detection section for the object area
where a number of areas, within the predetermined range,
have been detected.

With the configuration (9) above, 1t 1s possible to determine
whether the number of areas which have been detected by the 35
inner area detection section 1s an appropriate number. I1 the
number of areas 1s not appropriate, it 1s determined that the
predetermined 1mage object 1s not mcluded 1n that object
area, and the process of calculating the center positions 1s not
performed for the object area. Therefore, with the configura- 40
tion (9) above, object areas that do not 1include the predeter-
mined 1mage object can be excluded from the process of
calculating the center positions, and it 1s therefore possible to
prevent the calculation process from being performed waste-
tully. Thus, 1t1s possible to efficiently perform the recognition 45
process and to perform the recognition process in a shorter
period of time. Particularly, where the configurations (8) and
(9) above are combined with each other, the process of cal-
culating the center positions which requires a relatively long
time (as 1t 1s performed with a high precision) can be omitted 50
by virtue of the process of detecting the area of the inner
graphic pattern which 1s performed relatively quickly (as 1t 1s
performed with a low precision), and it is therefore possible to
perform the recognition process more etficiently.

(10) 55

The area detection section may detect the object area by
extracting an outline of the predetermined 1mage object based
on pixel values of pixels adjacent to one another at the first
pitch.

With the configuration (10) above, 1t 1s possible to easily 60
detect the object area by extracting the outline of the prede-
termined 1mage object.

(11)

The area detection section may detect the object area based
on pixel values of pixels arranged at the first pitch among all 65
pixels of the captured 1image obtained by the image obtaining,
section. Then, the object detection section detects the prede-
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termined 1mage object based on pixel values of pixels
arranged at the second pitch among all pixels of the captured
image obtained by the 1mage obtaining section.

With the configuration (11) above, the same captured
image can be used between the object area detection process
and the process of detecting the predetermined 1image object.
Thus, there 1s no need to produce the low-resolution 1mage,
and 1t 1s therefore possible to perform the recognition process
more easily and 1n a shorter period of time.

(12)

The image recognition program may instruct the computer
to further function as a pattern obtaining section for obtaining
a pattern 1mage representing the predetermined 1mage object
from a storage section that can be accessed by the information
processing apparatus. Then, the object detection section
determines whether the predetermined i1mage object 1is
included 1n the object area by comparing an image of the
object area with the pattern image.

With the configuration (12) above, 1t 1s possible to easily
detect the predetermined 1image object by a so-called “pattern
matching” method.

(13)

The object detection section may extract an outline of the
predetermined image object from an 1image of the object area
based on the pixel values obtained at the second pitch, and
calculate a position of the predetermined 1image object in the
captured 1mage based on the extracted outline.

With the configuration (13) above, 1t 1s possible to easily

calculate the position of the predetermined image object
within the captured image based on the outline of the prede-
termined 1mage object.
(14)
The image recognition program may instruct the computer
to further function as a positional relationship calculation
section and a display control section. The positional relation-
ship calculation section calculates a positional relationship
between the predetermined 1image object and the 1mage-cap-
turing section based on the detection results of the object
detection section when the object detection section detects
the predetermined 1image object. The display control section
produces a virtual 1mage representing a virtual object placed
in a virtual space based on the positional relationship, and
displays on a display section an 1image obtained by synthe-
s1zing the virtual image with the captured image.

With the configuration (14) above, a quick and precise
recognition process can be used 1n an augmented reality tech-
nique for displaying a synthesized image obtained by synthe-
s1zing together a captured 1mage and a virtual image. Note
that 1n an augmented reality technique, 1t 1s required to accu-
rately detect the predetermined 1image object 1n the recogni-
tion process 1n order to accurately synthesize the captured
image with the virtual image without misalignment. There-
fore, the quick and precise recognition process of the con-
figuration (1) above 1s particularly effective.

The present invention may also be embodied in the form of
an 1mage recognition apparatus including various sections
similar to those described above. In such an 1image recogni-
tion apparatus, the various sections may be implemented by a
computer executing an image recognition program, or some
or all of the various sections may be implemented by a dedi-
cated circuit or circuits. The present mvention may also be
embodied 1n the form of an 1mage recognition system includ-
ing one or more nformation processing apparatuses each
having various sections described above. Then, the one or
more information processing apparatuses may communicate
with each other directly via a wired or wireless connection, or
may communicate with each other via a network. Moreover,
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the present invention may also be embodied 1n the form of an
image recognition method performed by the various sections
described above.

According to the present invention, the area detection sec-
tion detects the object area first with a low precision, and then
the process of detecting the predetermined 1image object from
the object area 1s performed with a high precision. Therefore,
it 1s possible to shorten the amount of time required for
detection while maintaining the object detection precision.

These and other objects, features, aspects and advantages
of the present invention will become more apparent from the
tollowing detailed description of the present invention when
taken 1n conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an external view ol a game apparatus of the
present embodiment;

FI1G. 2 1s a block diagram showing an example of an inter-
nal configuration of the game apparatus;

FIG. 3 1s a view showing an example of how the game
apparatus 1s used;

FIG. 4 1s a view showing an example of a game 1image
displayed on the game apparatus;

FI1G. 51s adiagram showing an object area used in an 1image
recognition process of the present embodiment;

FIG. 6 1s a diagram showing a marker used 1n the present
embodiment;

FIG. 7 1s a diagram showing an image of a first graphic
pattern with the left and night portions of its outline blurred;

FIG. 8 1s a diagram showing the center position of an inner
graphic pattern 1n a part of the first graphic pattern;

FI1G. 9 15 a diagram showing the center points of the inner
graphic patterns in the first graphic pattern;

FIG. 10 1s a diagram showing various data to be used in
processes performed by a game program;

FIG. 11 1s a main flow chart showing the flow of a game
process executed by the game apparatus;

FIG. 12 1s a flow chart showing the flow of a recognition
process (step S2) shown in FIG. 11;

FIG. 13 15 a diagram showing pixels 1n the captured image
whose pixel values are referenced 1n the process of step S11;

FIG. 14 1s a flow chart showing the flow ol a marker
detection process (step S15) shown 1n FIG. 12;

FIG. 135 1s a diagram showing an example of an area to be
the subject of the process of in step S21;

FI1G. 16 1s a diagram showing pixels 1n the captured image
whose pixel values are referenced 1n the process of step S21;

FIG. 17 1s a diagram showing an example of a captured
image representing a first graphic pattern;

FIG. 18 1s a diagram showing four vertices P11 to P14
calculated from straight lines L1 to L4 shown 1n FIG. 17;

FIG. 19 1s a diagram showing an example of a predeter-
mined area set 1n step S27;

FIG. 20 1s a diagram showing a marker used 1n a variation
of the present embodiment;

FIG. 21 1s a flow chart showing the flow of a marker
detection process 1n a variation of the present embodiment;

FI1G. 22 15 a diagram showing a marker of a variation of the
present embodiment; and

FI1G. 23 1s a diagram showing a marker of another variation
of the present embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hardware Configuration of Game Apparatus

Referring to the drawings, an 1image recognition program
and an 1mage recognition apparatus according to one embodi-
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ment of the present invention will be described. While the
present invention 1s realized by executing an 1image recogni-
tion program by any mnformation processing apparatus (com-
puter) which displays an 1image on a display apparatus, the
present embodiment 1s directed to a case where a game appa-
ratus 1 shown 1 FIG. 1 1s used as an example of the infor-
mation processing apparatus.

FIG. 1 1s an external view of the game apparatus 1 accord-
ing to the present embodiment. Here, a hand-held game appa-
ratus 1s shown as an example of the game apparatus 1. Note
that the game apparatus 1 includes a camera and functions as
an 1mage-capturing device for capturing an image with the
camera, displaying the captured image on the screen, and
storing data for the captured image.

In FIG. 1, the game apparatus 1 1s a foldable hand-held
game apparatus, and the game apparatus 1 shown 1n the figure
1s unfolded (open state). The game apparatus 1 1s structured 1n
a s1ze allowing the user to hold 1t with both hands, or even one
hand, when unfolded.

The game apparatus 1 has a lower housing 11 and an upper
housing 21. The lower housing 11 and the upper housing 21
are connected so as to be openable/closable (foldable). In the
example of FIG. 1, the lower housing 11 and the upper hous-
ing 21 are each formed 1n the shape of a horizontally elon-
gated rectangular plate, and connected so as to be pivotable at
their common long side joint. Typically, the user uses the
game apparatus 1 in open state. Also, when the user does not
use the game apparatus 1, the game apparatus 1 1s stored in
closed state. In addition, 1n the example shown 1n FIG. 1, the
game apparatus 1 can maintain not only the closed and open
states but also its opening state via friction force generated at
the joint at any angle that can be made by the lower housing
11 and the upper housing 21 between the closed and open
states. That 1s, the upper housing 21 can remain stationary at
an arbitrary angle with respect to the lower housing 11.

The lower housing 11 1s provided with a lower LCD (Lig-
uid Crystal Display) 12. The lower LCD 12 1s horizontally
long, and 1s arranged such that 1ts longitudinal direction coin-
cides with the longitudinal direction of the lower housing 11.
Note that 1n the present embodiment, LCDs are used as dis-
play devices to be included 1n the game apparatus 1, but any
other display devices, such as EL (Electro Luminescence)
display devices, may be used. In addition, display devices of
any resolution can be used for the game apparatus 1. Note that
an 1mage being captured by an internal camera 23 or an
external camera 25 1s displayed in real-time on lower LCID 12.

The lower housing 11 1s provided with various operation
buttons 14A to 14K and a touch panel 13 as input devices. As
shown 1n FIG. 1, of all the operation buttons 14A to 14K, the
direction mput button 14A, the operation button 14B, the
operation button 14C, the operation button 14D, the operation
button 14E, the power button 14F, the start button 14G, and
the select button 14H are provided at the iner principal
surface of the lower housing 11. The inner principal surface 1s
a surtace to be the interior side when the upper housing 21 and
the lower housing 11 are folded. In the example shown 1n FIG.
1, the direction input button 14 A and the power button 14F are
provided to the left or nght (1n FIG. 1, to the left) of a lower
L.CD 12 provided at the center of the inner principal surface of
the lower housing 11. In addition, the operation buttons 14B
to 14E, the start button 14G, and the select button 14H are
provided to the opposite side (in FIG. 1, to the right) of the
lower LCD 12 on the mner principal surface of the lower
housing 11. The direction mput button 14A, the operation
buttons 14B to 14E, the start button 14G, and the select button
14H are used for various operations on the game apparatus 1.
For example, the direction input button 14 A 1s used for selec-
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tion operations and so on. The operation buttons 14B to 145
are used for setting and cancellation operations and so on. The
power button 14F 1s used for turning ON/OFF the game
apparatus 1.

Note that in FI1G. 1, the operation buttons 141 to 14K are not
shown. For example, the L button 141 1s provided at the left
edge of the upper surface of the lower housing 11, and the R
button 14J 1s provided at the right edge of the upper surface of
the lower housing 11. For example, the L button 141 and the
R button 14J are used for image-capturing instruction opera-
tions (shutter operations) on the game apparatus 1 having an
image-capturing function. Furthermore, the volume button
14K 1s provided at the leit side surface of the lower housing
11. The volume button 14K 1s used for controlling the volume
ol a speaker included in the game apparatus 1.

Also, 1 addition to the operation buttons 14A to 14K, the
game apparatus 1 further includes a touch panel 13 as an
example of a pointing device that 1s an input device allowing
designation of an arbitrary position on the screen. The touch
panel 13 1s attached so as to cover the screen of the lower LCD
12. Note that 1n the present embodiment, a touch panel 13 1s,
for example, of a resistive film type. However, a touch panel
13 1s not limited to the resistive film type, and may be of any
type. Also, 1n the present embodiment, for example, the touch
panel 13 has the same resolution (detection accuracy) as the
lower LCD 12. However, the touch panel 13 1s not necessarily
required to be equal 1n resolution to the lower LCD 12. In
addition, the lower housing 11 has an insertion opening (in
FIG. 1, indicated by broken lines) provided 1n 1ts right side
surface. The insertion opening can store a touch pen 27 to be
used for operating the touch panel 13. Note that any 1nput to
the touch panel 13 (touch input) 1s normally performed with
the touch pen 27, but the touch pen 27 1s not restrictive, and
the touch panel 13 can be operated with the user’s finger.

Also, the lower housing 11 has provided 1n the right side
surface an 1sertion opening (1n FI1G. 1, indicated by two-dot
chain lines) for storing a memory card 28. The insertion
opening has provided therein a connector (not shown) for
clectrically connecting the game apparatus 1 and the memory
card 28. The memory card 28 1s, for example, an SD (Secure
Digital) memory card removably attached to the connector.
For example, the memory card 28 1s used for storing (saving)
images captured by the game apparatus 1 and reading into the
game apparatus 1 images generated by other apparatuses.

Furthermore, the lower housing 11 has provided 1n its
upper side surface an msertion opening (in FIG. 1, indicated
by one-dot chain lines) for storing a memory card 29. This
insertion opening also has provided therein a connector (not
shown) for electrically connecting the game apparatus 1 and
the memory card 29. The memory card 29 1s a storage
medium having an information processing program such as a
game program stored therein, and 1s removably loaded into
the 1nsertion opeming provided in the lower housing 11.

Three LEDs 15A to 15C are provided to the left of the joint
between the lower housing 11 and the upper housing 21.
Here, the game apparatus 1 1s capable of wirelessly commu-
nicating with other equipment, and the first LED 15A 1s it up
while the game apparatus 1 1s ON. The second LED 15B 1s I1t
up while the game apparatus 1 i1s being charged. The third
LED 15C 1s Iit up when wireless communication 1s estab-
lished. Accordingly, the three LEDs 15A to 15C allow the
user to know the statuses of the game apparatus 1, regarding,
ON/OFF of the power supply, battery charge, and communi-
cations.

On the other hand, the upper housing 21 1s provided with an
upper LCD 22. The upper LCD 22 1s horizontally long, and 1s
arranged such that 1ts longitudinal direction coincides with
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the longitudinal direction of the upper housing 12. Note that
as 1n the case of the lower LCD 12, any display device of any
other type and resolution may be used instead of the upper
LCD 22. Note that a touch panel may be provided over the
upper LCD 22. The upper LCD 22 displays, for example, an
operation instruction screen for teaching the user about the
roles of the operation buttons 14 A to 14K and the touch panel
13.

Also, the upper housing 21 1s provided with two cameras
(an mnternal camera 23 and an external camera 25). As shown
in FIG. 1, an internal camera 23 1s provided at the inner
principal surface close to the joint of the upper housing 21. On
the other hand, the external camera 25 1s provided opposite to
the side of the inner principal surface where the internal
camera 23 1s provided, 1.e., the external principal surface of
the upper housing 21 (the exterior surface of the game appa-
ratus 1 1n closed state; the back of the upper housing 21 shown
in FIG. 1). Note that in FIG. 1, the external camera 25 1s
indicated by a broken circle. As a result, the internal camera
23 can capture 1images ol the direction 1n which the mner
principal surface of the upper housing 21 1s oriented, while
the external camera 25 can capture images of the direction
opposite to the image-capturing direction of the mnternal cam-
era 23, 1.e., the direction 1n which the external principal sur-
tace of the upper housing 21 is oriented. In this manner, 1n the
present embodiment, the two cameras, 1.e., the internal and
external cameras 23 and 25, are provided so as to capture
images 1n their respective directions opposite to each other.
For example, the user can use the internal camera 23 to
capture 1images ol a view from the game apparatus 1 toward
the user, and also can use the external camera 25 to capture
images of a view 1n the opposite direction, 1.¢., from the user
toward the game apparatus 1.

Note that a microphone (microphone 43 shown in FIG. 2)
1s provided as an audio input device under the inner principal
surface close to the joint. In addition, a microphone hole 16 1s
provided 1n the mner principal surface close to the joint such
that the microphone 43 can sense sound from outside the
game apparatus 1. The microphone 43 and the microphone
hole 16 are not necessarily required to be positioned at the
jomt. For example, the microphone 43 may be accommodated
within the lower housing 11, and the microphone hole 16 may
be provided 1n the lower housing 11 at a position correspond-
ing to the position where the microphone 43 1s accommo-

dated.

Also, a fourth LED 26 (1n FIG. 1, indicated by a broken
circle) 1s provided at the external principal surface of the
upper housing 21. The fourth LED 26 i1s 11t up at the time the
internal camera 23 or the external camera 25 captures an
image (when the shutter button is pressed). Furthermore, the
light 1s on while the internal camera 23 or the external camera
235 1s capturing a motion picture. As such, the fourth LED 26
allows any subject and bystander to know the game apparatus
1 captured (or 1s capturing) a picture.

Also, a sound hole 24 1s provided to both the left and the
right of an upper LCD 22 provided at the center of the inner
principal surface of the upper housing 21. A speaker 1s accom-
modated within the upper housing 21 below each sound hole
24. The sound hole 24 1s a hole for emanating the sound from
the speaker to the outside of the game apparatus 1.

As described above, the upper housing 21 1s provided with
the internal and external cameras 23 and 25 which are image-
capturing means for capturing images, as well as the upper
LCD 22 acting as a display means for mainly displaying the
operation 1nstruction screen. On the other hand, the lower
housing 11 1s provided with the input devices (the touch panel
13 and the operation buttons 14A to 14K) for operational
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inputs to the game apparatus 1, and the lower LCD 12 acting
as a display means for displaying captured images. Accord-
ingly, when using the game apparatus 1, the user can see a
captured image (an 1mage captured by the camera) displayed
on the lower LCD 12 and make inputs via the mnput devices
while holding the lower housing 11.

Next, an internal configuration of the game apparatus 1 will
be described with reference to FIG. 2. FIG. 2 1s a block
diagram 1illustrating an exemplary internal configuration of
the game apparatus 1.

In FIG. 2, the game apparatus 1 includes electronic parts,
such as a CPU 31, a main memory 32, a memory control
circuit 33, a saved data memory 34, a preset data memory 35,
a memory card interface (memory card I/F) 36, a memory
card I/F 37, a wireless communication module 38, a local
communication module 39, a real time clock (RTC) 40, a

power circuit 41, an interface circuit (I/F circuit) 42, a first
GPU (Graphics Processing Unit) 45, a second GPU 46, a {irst
VRAM (Video RAM) 47, a second VRAM 48, and an LCD

controller 49. These electronic parts are mounted on an elec-
tronic circuit board, and accommodated within the lower
housing 11 (or may be accommodated within the upper hous-
ing 21).

The CPU 31 1s an mnformation processing means for
executing a predetermined program (here, an 1image display
program according to the present embodiment). In the present
embodiment, the game program 1s stored, as an example of
the 1mage display program, in a memory (e.g., saved data
memory 34) within the game apparatus 1 as well as 1n the
memory card 28 and/or 29, and the CPU 31 executes the game
program, thereby executing a game process to be described
later. Note that the program to be executed by the CPU 31 may
be prestored 1n the memory within the game apparatus 1 or
may be acquired from the memory card 28 and/or 29 or from
other equipment through communication therewith.

The CPU 31 i1s connected to the main memory 32, the
memory control circuit 33, and the preset data memory 35.
The memory control circuit 33 1s connected to the saved data
memory 34. The main memory 32 1s a storage means used as
a working area or bulifering area for the CPU 31. Specifically,
a main memory 32 stores various data to be used 1n the game
process, and programs acquired from outside (e.g., the
memory cards 28 and 29 and other equipment). In the present
embodiment, for example, a PSRAM (Pseudo-SRAM) 1s
used as the main memory 32. The saved data memory 34 1s a
storage means for storing, for example, the programs to be
executed by the CPU 31 and data for images captured by the
internal camera 23 and the external camera 25. The saved data
memory 34 i1s configured by a nonvolatile storage medium,
¢.g., In the present embodiment, a NAND tlash memory. The
memory control circuit 33 1s a circuit for controlling data
reading from/writing to the saved data memory 34 1n accor-
dance with an 1nstruction by the CPU 31. The preset data
memory 35 1s a storage means for storing data (preset data)
such as various present parameters for the game apparatus 1.
As for the preset data memory 33, a flash memory connected
to the CPU 31 via an SPI (Senal Peripheral Interface) bus can
be used.

The memory card I/Fs 36 and 37 are each connected to the
CPU 31. The memory card I'F 36 reads/writes data from/to
the memory card 28 attached to the connector in accordance

with an mstruction from the CPU 31. Also, the memory card
I/’F 37 reads/writes data from/to the memory card 29 attached
to the connector 1n accordance with an instruction from the
CPU 31. In the present embodiment, image data captured by
the internal camera 23 and the external camera 25, as well as
image data recerved from other devices are written into the
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memory card 28, and image data stored in the memory card 28
1s read from the memory card 28 and stored to the saved data
memory 34 or transmitted to other devices. In addition, vari-

ous programs stored in the memory card 29 are read and
executed by the CPU 31.

Note that the game program may be supplied to a computer
system not only via an external storage medium, such as the
memory card 29, but also via a wired or wireless communi-
cation line. Also, the game program may be pre-recorded to a
nonvolatile storage device within the computer system. Note
that the information storage medium for storing the game
program 1s not limited to the nonvolatile storage device, and
may be a CD-ROM, a DVD, or a sitmilar optical disk storage
medium.

The wireless communication module 38 has a function of
connecting to a wireless LAN 1n accordance with a system
complying with, for example, the IEEE802.11.b/g standard.
Also, the local communication module 39 has a function of
wirelessly communicating with similar game apparatuses in
accordance with a predetermined communication system.
The wireless communication module 38 and the local com-
munication module 39 are connected to the CPU 31. The CPU
31 1s capable of transmitting/recerving data to/from other
equipment via the Internet using the wireless communication
module 38, as well as transmitting/recerving data to/from
other similar game apparatuses via the Internet using the local
communication module 39.

The CPU 31 1s also connected to the RTC 40 and the power
circuit 41. The RTC 40 counts time and provides an output to
the CPU 31. For example, the CPU 31 can calculate the
current time (date) based on the time counted by the RTC 40.
The power circuit 41 controls power supplied from the power
supply (typically, a battery accommodated in the lower hous-
ing 11) provided in the game apparatus 1, and supplies power
to various parts of the game apparatus 1.

The game apparatus 1 1s also provided with the microphone
43 and an amplifier 44. The microphone 43 and the amplifier
44 are each connected to the I/F circuit 42. The microphone
43 senses the voice of the user speaking to the game apparatus
1, and outputs an audio signal representing the voice to the I/F
circuit 42. The amplifier 44 amplifies the audio signal from
the I/F circuit 42 to provide an output from the speaker (not
shown). The I/F circuit 42 1s connected to the CPU 31.

Also, the touch panel 13 1s connected to the I/F circuit 42.
The I/F circuit 42 includes an audio control circuit for con-
trolling the microphone 43 and the amplifier 44 (speaker), and
a touch panel control circuit for controlling the touch panel
13. The audio control circuit performs A/D conversion and
D/A conversion on the audio signal, and also converts the
audio signal mto audio data of a predetermined format. The
touch panel control circuit generates touch position data (de-
tected coordinate data to be described later) of a predeter-
mined format based on a signal from the touch panel 13, and
outputs the generated data to the CPU 31. The touch position
data 1s data representing coordinates of a position detected by
the touch panel 13 as being the position at which an input was
made to the input screen of the touch panel 13. Note that the
touch panel control circuit performs reading of a signal from
the touch panel 13 and generation of detected coordinate data
once every predetermined period of time.

The above-described operation buttons 14A to 14K con-
stitute an operation button section 14 connected to the CPU
31. The operation button section 14 outputs to the CPU 31
operation data representing the status of input to the operation
buttons 14A to 14K (whether or not the buttons have been
pressed). The CPU 31 acquires the operation data from the
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operation button section 14, and executes a process 1n accor-
dance with an 1input to the operation button section 14.

The mternal camera 23 and the external camera 25 are each
connected to the CPU 31. The internal camera 23 and the
external camera 25 each capture an image 1n accordance with
an instruction from the CPU 31, and output data for the
captured image to the CPU 31. In the present embodiment, the
CPU 31 gives an image-capturing instruction to either the
internal camera 23 or the external camera 25, and the camera
receiving the image-capturing instruction captures an image
and transmits image data to the CPU 31. Note that the internal
camera 23 and the external camera 23 are also capable of
capturing motion pictures. That 1s, the internal camera 23 and
the external camera 25 are also capable of repeatedly captur-

ing images and repeatedly sending the captured data to the
CPU 31.

The first GPU 45 1s connected to the first VRAM 47, and
the second GPU 46 1s connected to the second VRAM 48. In
accordance with an instruction from the CPU 31, the first
GPU 45 generates a first display image based on display
image generation data stored in the main memory 32, and
creates an 1mage on the first VRAM 47. In accordance with an
instruction from the CPU 31, the second GPU 46 generates a
second display 1mage, and creates an 1image on the second
VRAM 48, as in the case of the first GPU 45. The first VRAM
47 and the second VRAM 48 are connected to the LCD
controller 49.

The LCD controller 49 includes a register 491. The register
491 stores the value o1 O or 1 1n accordance with an instruction
from the CPU 31. When the value 1n the register 491 i1s 0, the
LCD controller 49 outputs the first display image created on
the first VRAM 47 to the lower LCD 12, and also outputs the
second display image created on the second VRAM 48 to the
upper LCD 22. Alternatively, when the value 1n the register
491 1s 1, the LCD controller 49 outputs the first display image
created on the first VRAM 47 to the upper LCD 22, and also
outputs the second display image created on the second
VRAM 48 to the lower LCD 12. For example, the CPU 31 1s
capable of causing the lower LCD 12 to display an image
acquired from either the internal camera 23 or the external
camera 25, while causing the upper LCD 22 to display an
operation instruction screen generated by a predetermined
process.

[Outline of Game Process]

Next, game processes to be performed during a game pro-
cess executed by the game program will be described with
reference to FIGS. 3 to 9. The game program performs an
image recognition process on an 1mage (captured image) of
the real space captured by a camera, and allows a player to
play a game while displaying a game image obtained by
synthesizing an 1mage (virtual 1mage) of the virtual space
with the captured image based on the results of the image
recognition process.

FIG. 3 1s a view showing an example of how the game
apparatus 1s used. In the present embodiment, the player
(user) places a marker 51 as a predetermined 1mage object at
any place (on a table 50 1n FI1G. 3), and uses the game appa-
ratus 1 to capture an 1mage of the marker 51 and the vicinity
thereot, as shown 1n FIG. 3. While the camera used for image
capturing may be either the internal camera 23 or the external
camera 25, an example where the external camera 235 1s used
will be described heremn. In the present embodiment, the
marker 51 1s a thin plate-like marker with a predetermined
pattern (see FIG. 6) drawn thereon.

FIG. 4 1s a view showing an example of a game 1image
displayed on the game apparatus. FIG. 4 shows a game image
to be displayed on the upper LCD 22 of the game apparatus 1
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when the game apparatus 1 captures an 1image of the marker
51 placed on the table 50 as shown 1n FIG. 3. Note that while
the game 1mage 1s displayed on the upper LCD 22 in the
present embodiment, the game 1mage may be displayed on
the lower LCD 12. As shown in FIG. 4, an 1image of a cannon
52, as an 1image (virtual image) of a virtual object in the virtual
space, 1s displayed on the upper LCD 22 while being synthe-
s1zed with the captured image. Thus, it 1s possible to display
an 1image which looks as 1f the cannon 52 were present on the
actual table 50. Note that while FIG. 4 shows an image of the
cannon 352 as an example of the virtual object, the virtual
object may be any object. Thus, 1n the present embodiment, a
game 1mage 1s displayed as 11 a virtual object were present 1n
the real space by using an augmented reality technique.

Note that an 1image (synthesized 1mage) obtained by syn-
thesizing a virtual 1mage with a captured 1image can be pro-
duced by the following process, for example. That 1s, the
game apparatus 1 first performs an (1mage) recognition pro-
cess ol recognizing the marker 51 contained 1n the image
captured by the camera. Here, as process results of the rec-
ognition process, information representing the position and
direction of the marker 51 1n the captured image 1s calculated.
When the marker 51 1s recognized, the game apparatus 1
calculates the positional relationship between the game appa-
ratus 1 (camera) and the marker 51 from the position and
direction of the marker 51 which are process results of the
recognition process. Moreover, the game apparatus 1 calcu-
lates the position and orientation of the virtual camera in the
virtual space based on the positional relationship. The posi-
tion and orientation of the virtual camera are calculated so
that the positional relationship between the virtual camera
and the virtual object 1n the virtual space coincides with the
positional relationship between the game apparatus 1 and the
marker 51 1n the real space. Once the position of the virtual
camera 1s determined, the game apparatus 1 produces a vir-
tual 1image showing the virtual object as viewed from the
position of the virtual camera, and synthesizes the virtual
image with the captured image. By the process described
above, the game apparatus 1 can produce and display a syn-
thesized 1image. Note that the process of calculating the posi-
tion of the virtual camera from the positional relationship
may be similar to a process of a conventional augmented
reality technique.

|Outline of Image Recognition Process]

As described above, 1n the present embodiment, the game
apparatus 1 detects the marker 51 from the captured image by
the recognition process. If the marker 51 cannot be accurately
detected 1n the recognition process, 1t 1s not possible to accu-
rately produce the virtual image, and 1t 1s then no longer
possible to synthesize the virtual image at a correct position
on the captured image, detracting from the realness of the
synthesized image. Therefore, 1n the present embodiment, the
game apparatus 1 performs a recognition process as follows
so as to accurately and efficiently detect the marker 51.

(Recognition Process Using a Plurality of Different Preci-
$1011S )

FIG. § 1s a diagram showing an object area used in the
image recognition process of the present embodiment. In the
present embodiment, after a captured image to be subjected to
a recognition process 1s obtained, the game apparatus 1 {first
performs a process (area detection process) of detecting an
area (referred to as the “object area™) 54 ol the captured image
that includes the marker 51 (see the upper section of the table
shown 1n FI1G. 3). The area detection process 1s performed on
an entire area 53 of the captured image and 1s performed with
a lower precision than that of the marker detection process to
be described later. Herein, the term “lower precision” means
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relatively increasing the mterval between pixels whose pixel
values are to be referenced in the process. For example, in the
present embodiment, the game apparatus 1 performs the area
detection process by referencing pixel values at a 3-pixel
pitch across the captured 1mage (i.e., by referencing pixel
values of pixels while skipping two pixels therebetween).
Thus, since the process of detecting the object area 54 1is
performed with a lower precision, the detection process 1s
performed relatively quickly.

After the object area 54 1s detected, the game apparatus 1
performs a process (marker detection process) of detecting,
the marker 51 from the image of the object areca 54. The
marker detection process 1s performed only on the object area
54 (rather than the entire area 33 of the captured 1image) and
1s performed with a higher precision than that of the area
detection process described above (see the lower section of
FIG. 5). That 1s, 1n the marker detection process, pixels are
referenced 1n a finer manner than the area detection process,
1.€., the iterval between pixels whose pixel values are to be
referenced 1s smaller than that of the area detection process.
Specifically, in the present embodiment, the game apparatus
1 performs the area detection process by referencing the pixel
values at a 1-pixel pitch across the captured image (i.e., by
referencing the pixel value of every pixel). Thus, since the
marker detection process 1s performed with a higher preci-
s10n, the position and direction of the marker 51 obtained as
detection results are calculated with a high precision. Since
the marker detection process 1s performed only on the object
arca 54, the game apparatus 1 can perform the process more
quickly than when the process 1s performed on the entire area
53 of the captured image.

As described above, 1n the present embodiment, the game
apparatus 1 first performs the process of detecting the object
area 54, and then performs the process of detecting the marker
51 on the object area 34. Theretore, the process of detecting
the marker 51 can be performed only onthe required area (1.¢.,
the object area), and the process of detecting the marker 51
can be performed 1n a short period of time. Since the process
of detecting the object area 54 1s performed with a lower
precision, the detection process can also be performed 1n a
short period of time, and 1t 1s therefore possible to perform the
entire recognition process in a short period of time. Moreover,
since the process of detecting the marker 51 1s performed with
a higher precision, the position and direction of the marker 51
obtained as recognition results can be calculated with a high
precision. That 1s, according to the present embodiment, 1t 1s
possible to quickly and precisely perform the recognition
process of detecting the marker 51 from the captured image.

Note that different precisions are used within the marker
detection process in the present embodiment. That 1s, the
marker detection process includes a plurality of processes
which are performed with different precisions. The details of
these processes will be described later.

(Recognition Process of Detecting Marker Based on Cen-
ter Position of Inner Graphic Pattern)

The recognition process of the present embodiment uses
the marker 51 with a graphic pattern thereon including a
plurality of inner graphic patterns, and detects the marker 51
by calculating the center positions of the imner graphic pat-
terns. FIG. 6 1s a diagram showing the marker used 1n the
present embodiment. As shown i FIG. 6, the marker 51
includes a first graphic pattern 35 and a second graphic pat-
tern 57. The first graphic pattern 55 includes a plurality of
(eight 1n FIG. 6) white circular graphic patterns 56 drawn
therein. In the present embodiment, the white circular graphic
patterns 36 are the inner graphic patterns. In the present
embodiment, the eight inner graphic patterns 56 are located at
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the four vertices of a rectangular shape (square) and the
middle points of the four sides thereof. Note that the first
graphic pattern may be any pattern with a plurality of graphic
patterns (inner graphic patterns) drawn therein, and there 1s
no limitation on the position, shape, size and color of the inner
graphic patterns. While the second graphic pattern 57 1s an
arrow-shaped graphic pattern in FIG. 6, the second graphic
pattern 57 may be any graphic pattern.

Note that since the marker 51 shown in FIG. 6 1s used in the

present embodiment, the game apparatus 1 detects the area of
the first graphic pattern 535 of the marker 51 as the object area
in the above-described area detection process. Then, in the
above-described marker detection process, the position and
direction of the marker 51 are detected by detecting the first
graphic pattern 55 with a high precision.

Now, a method for detecting the outline of the first graphic
pattern 55 of the marker 51 1n order to detect the position of
the marker 51 will be discussed. FI1G. 7 1s a diagram showing
an 1mage of the first graphic pattern 55 with the leit and right
portions of 1ts outline blurred. An image captured by a camera
may sometimes be blurred and have an unclear outline due to
a so-called “camera shake”, etc. For example, 1f the camera
(the game apparatus 1) moves left and right when capturing
an 1mage, the outline will be blurred 1n the left-right direction
to be unclear as shown 1n FIG. 7. Where the captured image 1s
blurred and has an unclear outline as described above, it 1s
difficult to detect the outline accurately by the outline detect-
ing method described above, and 1t 1s therefore impossible to
accurately calculate the position of the graphic pattern. An
outline can be detected based on the difference in pixel values
(luminance values, color values, etc.) between pixels, for
example, but 1f the captured 1mage 1s blurred, the detected
position of the outline varies substantially depending on the
content of the image, the threshold value, etc. For example,
with the example of the image shown in FI1G. 7, a dotted line
58 shown 1n FIG. 7 may be detected as an outline, or a dotted
line 59 may be detected as an outline. In such cases, the length
of the first graphic pattern 55 1n the lateral direction 1s not
calculated accurately, and the position of the first graphic
pattern 55 cannot be calculated accurately. Thus, with a
method for detecting an outline and calculating the position
of the marker from the outline, it may not be possible to
calculate the position of the marker accurately when the cap-
tured 1mage 1s blurred.

Therefore, in the recognition process of the present
embodiment, the game apparatus 1 detects the marker 51 by
detecting the inner graphic patterns 56 of the first graphic
pattern 55, and calculating the center positions of the inner
graphic patterns 56. FIG. 8 shows the center position of the
inner graphic pattern 36 1n a portion of the first graphic pattern
55. In the above-described marker detection process, the
game apparatus 1 detects the area (outline) of the inner
graphic pattern 56, and calculates the center point P of the
detected area (see FI1G. 8). Now, referring to FIG. 8, because
the captured 1image 1s blurred, either the white dotted line or
the black dotted line shown 1n FIG. 8 may be detected as the
outline, but the position of the center point P will be the same
in either case.

FIG. 9 1s a diagram showing the center points of the 1nner
graphic patterns 36 in the first graphic pattern 55. In the
present embodiment, the center points P1 to P8 of the inner
graphic patterns 56 are calculated. Herein, the length of the
first graphic pattern 535 1n the left-right direction 1s repre-
sented by the length from the point P1 to the point P3, for
example. This length will be the same whether the white
dotted line or the black dotted line shown 1n FI1G. 8 1s detected
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as the outline. That 1s, this length can be calculated accurately
even 1f the captured 1image 1s blurred.

In the present embodiment, the game apparatus 1 identifies
the positions of four points on the marker 51 from the center
points P1 to P8 of the mner graphic patterns 56, as will be
described later 1n detail. The positions of the four points are
the positions of the four vertices of the rectangular shape
(square) represented by the eight inner graphic patterns 56.
The position and direction of the marker 51 are identified by
the positions of the four points. Note however that the posi-
tions of the four points are the vertices of the square, and
therefore take the same values whether the marker 51 1s not
rotated or rotated by 90°, 180° or 270°. Therefore, with the
positions of the four points, it 1s not possible to identify the
direction of the marker 51 with respect to the four directions
(up, down, left and right), and thus 1t 1s not possible to
uniquely 1dentify the direction of the marker 51. Therefore,
the game apparatus 1 umquely identifies the direction of the
marker 51 by detecting the second graphic pattern 57. Note
that the method for identitying the direction of the marker 51
using the second graphic pattern 57 will be described later.

As described above, 1n the present embodiment, the game
apparatus 1 calculates the center points 21 to P8 of the inner
graphic patterns 56 in the marker detection process. Then, the
position of the marker 31 1s calculated by identifying the
positions of the four points of the marker 31 from the center
points P1 to P8. Now, since the center points P1 to P8 are
calculated accurately even where the captured image 1is
blurred, the game apparatus 1 can accurately calculate the
position of the marker 51 by using the center points P1 to P8
even 1f the captured image 1s blurred.

[Details of Game Process]

Next, referring to FIGS. 10 to 15, the details of the game
process executed by the game program will be described.
First, various data used in the game process will be described.
FIG. 10 1s a diagram showing various data to be used 1n
processes performed by the game program. In FIG. 10, a
game program 61, captured image data 62, and game process
data 63 are stored in the main memory 32 of the game appa-
ratus 1.

The game program 61 1s a program for instructing the CPU
31 of the game apparatus 1 to execute a game process (FIG.
11) to be described later. A part or whole of the game program
61 1s read out from the memory card 29 at an appropriate
timing so as to be stored 1n the main memory 32. The game
program 61 includes a program for executing the above-
described 1image recognition process, 1n addition to a program
tor allowing the game to progress.

The captured 1image data 62 1s data representing an 1image
(captured 1mage) captured by a camera (the internal camera
23 or the external camera 25). As the captured image data 62,
only the latest image data obtained from the camera may be
stored, or a predetermined number of latest pieces of 1mage
data may be stored.

The game process data 63 represents various data to be
used 1n the game process. The game process data 63 includes
object area data 64, outline data 63, inner area data 66, center
position data 67, vertex data 68, and recognition result data
69. Note that 1n addition to those described above, the game
process data 63 stores various data necessary for the game,
such as data of various objects (e.g., the cannon 32) appearing

in the game, and sound data such as BGM.

The object area data 64 1s data representing the object area
described above, 1.e., the area of the first graphic pattern 535 1n
the captured image. The object area data 64 1s obtained by the
above-described area detection process. Note that in the
present embodiment, the detection process 1s performed with
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a low precision in the area detection process, and therefore an
area that 1s actually not the first graphic pattern 55 may be
detected as an area of the first graphic pattern 55. Thus, a
plurality of areas may be detected as object areas 1n the area
detection process. In such a case, the object area data 64 for
cach area detected is stored 1n the main memory 32 (1.e., a
plurality of pieces of object area data are stored). Note that the
object area data 64 may be any data as long as 1t represents an
area, and 1t may represent only the outline of the area or may
represent every pixel of the area.

The outline data 65 1s data representing the outline of the
first graphic pattern 55 1n the captured image. The outline data
65 1s data representing an area of the first graphic pattern 55,
as does the object area data 64, but the outline data 65 differs
from the object area data 64 1n that 1t 1s detected with a higher
precision.

The inner area data 66 1s data representing an area of the
iner graphic pattern 56 1n the first graphic pattern 35. As
described above, the first graphic pattern 55 includes a plu-
rality of (eight) inner graphic patterns 56. Therefore, if the
eight inner graphic patterns 36 are detected correctly 1n the
marker detection process, eight pieces of the inner area data
66 arec stored 1n the main memory 32. Note however that there
may be cases in practice where the eight inner graphic pat-
terns 56 are not all detected. In such a case, anumber of pieces
of the inner area data 66 equal to the number of 1nner graphic
patterns 56 detected are stored in the main memory 32. Note
that the inner area data 66 may be any data as long as 1t
represents an area, and 1t may represent only the outline of the
area or may represent every pixel of the area.

The center position data 67 1s data representing the center
positions of the imnner graphic patterns 36. The center position
data 67 represents a number of center positions equal to the
number of 1inner graphic patterns 56 detected in the marker
detection process.

The vertex data 68 1s data representing the positions of the
four vertices of a rectangular shape (square) represented by
the eight inner graphic patterns 36. The four vertices are
calculated based on the center positions of the eight inner
graphic patterns 56 as will be described later 1n detail.

The recognition result data 69 1s data representing the
position and direction of the marker 51, which 1s output as the

result of the recognition process. The position and direction
of the marker 51 are calculated based on the four vertices
represented by the vertex data 68, and the direction of the
second graphic pattern 57 with respect to the first graphic
pattern 55 1n the captured 1mage, as will be described later in
detail.

Next, the details of the game process executed by the game
apparatus 1 will be described with reference to FIGS. 11 to
16. FIG. 11 1s a main tlow chart showing the tflow of a game
process executed by the game apparatus 1. When the power
button 14F 1s pressed down and the power of the game appa-
ratus 1 1s turned ON, the CPU 31 of the game apparatus 1
displays a menu screen (e.g., an image including images
(1cons) representing various applications) used for instructing,
to start various applications. On the menu screen, the user
instructs to start the game program 61, e.g., instructs to select
the 1con of the game program 61. When the start of the game
program 61 is 1nstructed on the menu screen, the CPU 31
initializes the main memory 32, etc., and starts executing the
game program 61 for performing the process shown in FIG.
11. In the present embodiment, as the game program 61 1s
executed, the CPU 31 functions as various sections recited in
the claims. That 1s, the game program 61 instructs the CPU 31
to function as various sections recited 1n the claims.
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First, in step S1, the CPU 31 determines whether a captured
image has been obtained. That 1s, 1t determines whether data
of a captured 1mage has been sent from a camera (the external
camera 25 1n the present embodiment). If data of a captured
image has been sent from the camera, the CPU 31 stores the
data as the captured image data 62 in the main memory 32.
Note that it 1s assumed 1n the present embodiment that while
the process loop through steps S1 to S7 1s executed once every
frame period (Yso sec), the camera sends a captured 1image
with a lower frequency (once every about a few frame peri-
ods). Note however that a captured 1image may be obtained
once every frame period (or every period that 1s shorter than
a frame period) 1n other embodiments. I the determination
result of step S1 1s aflirmative, the process of step S2 1s
performed. On the other hand, if the determination result of
step S1 1s negative, the process of steps S2 to S4 15 skipped,
and the process of step S5 to be described below 1s performed.

In step S2, the CPU 31 executes a recognition process on
the captured image obtained 1n step S1. In the recognition
process, 1t 1s determined whether the image of the marker 51
1s included 1n the captured image, and 11 the image of the
marker 31 1s included therein, the direction and position of the
marker 51 in the captured image are calculated. Now, refer-
ring to FIG. 12, the details of the recognition process will be
described.

FIG. 12 1s a flow chart showing the flow of the recognition
process (step S2) shown 1n FIG. 11. In the recognition pro-
cess, first, 1n step S11, the CPU 31 executes the above-de-
scribed area detection process, 1.e., detects an area (object
area) including the first graphic pattern 55. As described
above, the area detection process of step S11 1s performed
with a low precision. Specifically, the CPU 31 detects the
object area from the captured image based on pixel values
obtained at a 3-pixel pitch across the captured image. More
specifically, the CPU 31 reads out the captured image data 62
from the main memory 32, and extracts pixel values at a
3-pixel pitch from the pixel values of the pixels represented
by the 1mage data. Then, the object area 1s detected based on
the extracted pixel values. FIG. 13 1s a diagram showing
pixels 1n the captured image whose pixel values are refer-
enced 1n the process of step S11. In FIG. 13, hatched pixels
are pixels whose pixel values are to be referenced.

In the present embodiment, the object area 1s detected
based on the difference in pixel values (the luminance values
in the present embodiment, but color values may also be used)
between adjacent pixels. That 1s, 1n the present embodiment,
since a white frame 1s formed around the black first graphic
pattern 35 (see FIG. 6), 1t 1s possible to detect pixels along the
outline portion of the first graphic pattern 55 by detecting
pixels whose luminance values are lower than adjacent pixels
by a predetermined value or more. Note that the term “adja-
cent pixels” means adjacent ones of pixels whose pixel values
are referenced. In the example of FIG. 13, “adjacent pixels™
are one hatched pixel and another pixel (also hatched) that 1s
at a 3-pixel pitch from the first pixel. After detecting pixels
along the outline portion, the CPU 31 combines adjacent ones
ol the detected pixels 1nto a single collection, thus identifying
a single object area. Data representing pixels forming the
identified object area i1s stored 1n the main memory 32 as a
piece of object area data 64 for each object area. Note that
where an 1dentified object area 1s too large or too small, the
CPU 31 may exclude the object area so that the object area
data 64 representing the object area 1s not stored. The process
of step S12 1s performed following step S11.

Note that the method for detecting the object area 1n step
S11 may be any method. For example, in other embodiments,
the CPU 31 may detect the outline of the first graphic pattern
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535 by binarizing the pixel values with a predetermined thresh-
old value, and determine, as an object area, the area within the
detected outline. In other embodiments, the CPU 31 may
detect the object area by a pattern matching method. That 1s,
a pattern 1mage of the first graphic pattern 55 may be pre-
stored 1n the main memory 32, and an area that 1s 1dentical
(similar) to the pattern image 1s detected from within the area
of the captured 1image so as to detect the object area. In such
a case, the pattern matching process may be similar to that of
a conventional augmented reality technique.

While the CPU 31 detects an area of the first graphic
pattern 55 as the object area in step S11 1n the present embodi-
ment, an area of the marker 51 including the first graphic
pattern 55 and the second graphic pattern 57 may be detected
as the object area 1n other embodiments.

In the present embodiment, the object area 1s detected with
a low precision as described above, and the object area detec-
tion process 1s based on the luminance difference between the
first graphic pattern 55 of the marker 51 and the surrounding
white frame. Therefore, 1f the white frame of the marker 51 1s
too narrow, the white frame may not appear 1n the captured
image with a low precision, thereby failing to accurately
detect the object area. Therefore, it 1s preferred that the white
frame of the marker 31 has a sufficient thickness so that the
white frame appears on the captured 1image even with a low
precision. Note that the thickness of the white frame can be
determined appropriately according to the expected range of
distance from the camera to the marker 51 during the use of
the game apparatus 1, the resolution of the captured image,
the sizes of the marker 51, etc.

In step S12, the CPU 31 determines whether the object area
has been detected 1n step S11. If the object area1s not detected
in step S11, the process of step S13 1s performed. On the other
hand, 11 one or more object areas are detected 1n step S11, the
process of step S14 1s performed.

In step S13, the CPU 31 determines that the recognition of
the marker 51 has failed. That 1s, the CPU 31 stores data
indicating the recognition failure in the main memory 32 as
the recogmition result data 69. After step S13, the CPU 31
exits the recognition process.

In step S14, the CPU 31 selects one of object areas detected
in step S11. Note that where a plurality of object areas are
detected 1n step S11, the process step through steps S14 to
S16 1s repeated. In such a case, 1n step S14, an object area that
has not been selected 1n the process step 1s selected. The
process of step S15 1s performed following step S14.

In step S15, the CPU 31 performs the marker detection
process on the object area selected 1n step S14. The marker
detection process 1s a process of detecting the marker 51 from
the object area, and calculating the position and direction of
the marker 51. Referring now to FIG. 14, the details of the
marker detection process will be described.

FIG. 14 1s a flow chart showing the flow of the marker
detection process (step S15) shown 1in FIG. 12. In the marker
detection process, first, in step S21, the CPU 31 extracts the
outline of the first graphic pattern 55 with an intermediate
precision. Herein, the term “intermediate precision” means a
precision that 1s higher than that used in the process of step
S11, but is lower than that used 1n the process of steps S23 and
S25 to be described later. That 1s, 1n the present embodiment,
the marker detection process 1s performed with two levels of
precision, and the process of step S21 1s performed with the
lower precision. The details of the process of step S21 will
now be described.

While the process of step S21 1s performed within the
object area detected 1n step S11, the process of step S11 and
that of step S21 are performed with different precisions.
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Therefore, in step S21, the CPU 31 first determines an area to
be the subject of the process of step S21, which corresponds
to the object area detected 1n step S11. That 1s, an area to be
the subject of the process of step S21 i1s determined from
pixels represented by the object area data 64 obtained in step
S11. More specifically, the CPU 31 associates each pixel
(each hatched pixel shown in FIG. 13) to be referenced 1n the
low-precision process (step S11) with eight pixels surround-
ing the pixel (pixels delimited by a one-dot-chain line in FIG.
13). Then, an area including pixels within the object area
detected 1n step S11 and sets of surrounding eight pixels
associated therewith 1s determined as an area to be the subject
of the process of step S21. FIG. 15 1s a diagram showing an
example of an area to be the subject ol the process of step S21.
FIG. 15 assumes a case where pixels Q1 to Q3 are detected 1n
step S11, and an area on the right of the pixels Q1 to Q3 1s
detected as the object area. In such a case, the area Al on the
right of the one-dot-chain line shown in FIG. 135 1s the area to
be the subject of the process of step S21.

After an area to be the subject of the process 1s determined,
the CPU 31 extracts the outline of the first graphic pattern 35
with an intermediate precision. In the present embodiment,
the outline extracting process 1s performed based on pixel
values obtained at a 2-pixel pitch across the captured image.
FIG. 16 1s a diagram showing pixels 1n the captured image
whose pixel values are referenced 1n the process of step S21.
For example, 1n a case where the area Al shown 1in FIG. 15 1s
the subject of the process of step S21, pixel values of hatched
pixels shown 1n FIG. 16 are referenced 1n the outline extract-
Ing Process.

Note that the outline extracting process of step S21 may be
performed by a method using the luminance value difference,
as 1s the method for detecting the object area in step S11, or
may be performed by another method. Data of the pixels
tforming the outline extracted in step S21 1s stored 1n the main
memory 32 as the outline data 65. The process of step S22 1s
performed following step S21.

In step S22, the CPU 31 determines whether the outline
extracted in step S21 represents the first graphic pattern 55. In
the present embodiment, the CPU 31 makes the determina-
tion of step S22 based on whether the outline represents a
rectangular shape. That 1s, the CPU 31 reads out the outline
data 65 from the main memory 32, and approximates the
pixels forming the outline by straight lines, thus calculating a
polygon formed by the pixels. Then, it 1s determined whether
the outline represents the first graphic pattern 55 based on
whether the calculated polygon 1s rectangular. If the determi-
nation result of step S22 1s affirmative, the process of step S23
1s performed. On the other hand, 11 the determination result of
step S22 1s negative, the process of step S30 to be described
later 1s performed.

Note that while the determination whether the extracted
outline represents the first graphic pattern 55 1s made based on
whether the outline 1s rectangular 1n step S22, the determina-
tion may be made by another method. For example, in other
embodiments, where the size of the marker 51 1s known, the
determination may be performed based on, for example,
whether the size (e.g., the area or the circumierential length)
of the extracted outline 1s greater than or equal to a predeter-
mined value.

In step S23, the CPU 31 detects an area of the inner graphic
pattern 56 with a high precision. Herein, the term “high pre-
cision” means a precision that 1s higher than those used in the
process of step S11 and the process of step S21. In the present
embodiment, the CPU 31 detects the area of the inner graphic
pattern 56 by referencing pixel values at a 1-pixel pitch, 1.e.,
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by referencing pixel values of all pixels within an area to be
the subject of the process of step S23.

Although the process of step S23 1s performed across the
area represented by the outline extracted i step S21, the
precision 1s different between the process of step S21 and the
process of step S23. Therelore, the area to be the subject of the
process needs to be determined 1n step S23, as 1n step S21.
The area to be the subject of the process may be determined
by a method similar to that of step S21. That 1s, the CPU 31
associates each reference pixel that can be referenced in the
intermediate-precision process (step S21) with three adjacent
pixels (e.g., one on the right, one below, and one on lower
right of the reference pixel). Then, the reference pixel
included 1n the outline extracted i step S21 and the three
pixels associated with the reference pixel are determined to be
the subject of the process of step S23.

After the areato be the subject of the process 1s determined,
the CPU 31 detects the area of the inner graphic pattern 56
with a high precision. Herein, the area of the mner graphic
pattern 56 may be detected by a method which 1s based on the
luminance value difference, as 1s the method for detecting the
object area in step S11, or may be detected by another
method. Note that where a method based on the luminance
value difference 1s used, the CPU 31 preferably detects a pixel
whose luminance value 1s higher than that of an adjacent pixel
by a predetermined value or more since the inner graphic
pattern 56 to be detected 1 step S23 1s white with the sur-
rounding area being black. In the present embodiment, the
CPU 31 detects (a plurality of) pixels representing the outline
of the inner graphic pattern 56 as information representing the
area ol the mner graphic pattern 56. Data of pixels represent-
ing the area of the mner graphic pattern 56 detected in step
S23 15 stored 1n the main memory 32 as the inner area data 66.
Where a plurality of inner graphic patterns 36 are detected 1n
step S23, one piece of inner area data 66 1s stored in the main
memory 32 for each inner graphic pattern. The process of step
S24 15 performed following step S23 described above.

Note that 1n other embodiments, the CPU 31 may set a
condition regarding the shape and/or size of the detected area
so as to exclude areas that do not satisty the condition 1n step
S23. That 1s, the CPU 31 may not store the inner arca data 66
for those of areas detected based on the luminance difference
whose shape 1s not circular or whose size 1s not within a
predetermined range.

In step S24, the CPU 31 determines whether a predeter-
mined number of areas have been detected i1n step S23.
Herein, the predetermined number i1s the number of 1nner
graphic patterns 56 drawn within the first graphic pattern 55,
1.€., eight. Specifically, the CPU 31 determines whether the
number of pieces of the inner area data 66 stored in the main
memory 32 1s eight. If the determination result of step S24 1s
alfirmative, the process of step S23 1s performed. On the other
hand, 11 the determination result of step S24 1s negative, the
process of step S30 to be described later 1s performed.

In step S25, the CPU 31 calculates the center position of the
inner graphic pattern 56 with a high precision. The center
position of the inner graphic pattern 56 1s calculated based on
the area detected 1n step S23, 1.e., based on the pixels repre-
senting the outline of the mner graphic pattern 56. The spe-
cific method for calculating the center position may be any
method, and the center position can be obtained by calculat-
ing the average value among the position coordinates of the
pixels representing the outline of the inner graphic pattern 56,
for example. In the present embodiment, the CPU 31 reads
out the inner area data 66 from the main memory 32, and
calculates the average value among the pixels represented by
the inner area data 66. Note that eight pieces of the inner area
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data 66 are stored, and the process of calculating the average
value 1s performed for each piece of data. The data represent-
ing the eight average values calculated 1s stored 1n the main
memory 32 as the center position data 67. The process of step
S26 15 performed following step S25.

In step S26, the CPU 31 calculates the positions of the four
vertices representing the position of the marker 51 based on
the center positions calculated 1n step S235. Herein, the four
vertices are the vertices of a rectangular shape of which the
vertices and the middle points of the sides are represented by
the eight inner graphic patterns 56. Referring now to FIGS. 17
and 18, a method for calculating the four vertices will be
described.

FIG. 17 1s a diagram showing an example of a captured
image representing a first graphic pattern. In FIG. 17, the
points P1 to P8 are points representing the positions calcu-
lated 1n step S26 as the center positions of the eight mner
graphic patterns 56. In step S26, the CPU 31 first calculates
four straight lines .1 to L4 passing through three of the eight
center positions. Specifically, the CPU 31 calculates the
straight line L1 passing through the points P1 to P3, the
straight line L2 passing through the points P1, P4 and Pé, the
straight line L3 passing through the points P6 to P8, and the
straight line L4 passing through the points P3, P5 and P8. The
straight lines L1 to L4 can each be calculated as an approxi-
mate straight line passing through three points by using the
least squares method, etc.

FIG. 18 1s a diagram showing four vertices P11 to P14
calculated from the straight lines L1 to L4 shown in FIG. 17.
After the straight lines L1 to L4 are calculated, the CPU 31
calculates the vertices P11 to P14 of the rectangular shape
formed by the straight lines L1 to L4. That 1s, the CPU 31
calculates the intersection P11 between the straight line L1
and the straight line L2, the intersection P12 between the
straight line L1 and the straight line L4, the intersection P13
between the straight line .2 and the straight line 1.3, and the
intersection P14 between the straight line 1.3 and the straight
line L.4. Thus, the four vertices P11 to P14 can be calculated.
Data representing the calculated positions of the four vertices
1s stored 1n the main memory 32 as the vertex data 68. The
process of step S27 1s performed following step S26.

Calculating the four vertices 1n step S26 means that posi-
tions of four points in the marker 51 have been calculated.
Now, the position and direction of the marker 51 can be
calculated based on the positions of the four points in the
marker 51. Note however that the positions of the four points
are the vertices of the square, and therefore take the same
values whether the marker 51 1s not rotated or rotated by 90°,
180° or 270°. Theretfore, with the positions of the four points,
it 1s not possible to 1dentity the direction of the marker 51 with
respect to the four directions (up, down, leit and right), and
thus 1t 1s not possible to uniquely i1dentity the direction of the
marker 51. Therefore, the CPU 31 uniquely 1dentifies the
direction of the marker 51 by 1dentifying the direction of the
marker 51 with respect to the four directions (up, down, left
and right) through the process of steps S27 to S29 to be
described below. Note that the CPU 31 may omit the process
of steps S27 to S29 to be described below and use the posi-
tions of the four points as the recognition results 11 the direc-
tion from which an 1image of the marker 31 1s to be captured
1s predetermined (known) among the four directions (up,
down, left and right), or i1 the direction of the marker 51 with
respect to the four directions (up, down, left and right) 1s
irrelevant (1.e., if 1t 1s considered the same whether the marker
51 1s not rotated or rotated by 90°, 180° or 270°).

In step S27, the CPU 31 detects the second graphic pattern
57 from an area around the first graphic pattern 55. In the

10

15

20

25

30

35

40

45

50

55

60

65

24

present embodiment, the CPU 31 detects the second graphic
pattern 57 from one of the four predetermined areas located
next to a rectangular shape formed by the four vertices cal-
culated 1n step S26 1n the four directions (up, down, left and
right). Since the second graphic pattern 57 1s located next to
the first graphic pattern 53 (see FI1G. 6), and the position of the
first graphic pattern 55 1s 1dentified by the four vertices, the
second graphic pattern 57 can be detected by performing a
detection process for the four predetermined areas.

FIG. 19 1s a diagram showing an example of a predeter-
mined area set 1in step S27. In FIG. 19, an area a delimited by
the straight lines LS to L8 1s the predetermined area. The
predetermined area ¢. 1s set along the side P11-P12 among the
tour sides of the rectangular shape formed by the four vertices
P11 to P14. The straight lines 15 to L8 are the lower side, the
upper side, the right side and the leit side, respectively, of the
predetermined area o where the upper side 1s the side of the
rectangular shape formed by the four vertices P11 to P14 on
which the predetermined area «. 1s located. The straight lines
L5 to 18, which are the four sides of the predetermined area .,
can be set as follows, for example. The straight line LS, which
1s the lower side, 1s set parallel to the straight line L1 and apart
from the straight line L1 by a predetermined first distance 1n
a direction perpendicular to the straight line 1. The straight
line L6, which 1s the upper side, 1s set parallel to the straight
line L1 and apart from the straight line L1 by a predetermined
second distance (greater than the first distance) 1n a direction
perpendicular to the straight line L1. The straight line L7,
which 1s the right side, 1s set parallel to the straight line L4,
which 1s the right side of the rectangular shape formed by the
vertices P11 to P14, and apart from the straight line .4 by a
predetermined third distance in a direction of the straight line
1. The straight line L8, which 1s the leit side, 1s set parallel
to the straight line L2, which 1s the leit side of the rectangular
shape formed by the vertices P11 to P14, and apart from the
straight line L2 by a predetermined fourth distance in the
direction of the straight line LL1. The predetermined area o can
be calculated as described above. The other three predeter-
mined areas can be calculated as 1s the predetermined area a.

While the method for detecting the second graphic pattern
57 from one of the four predetermined areas may be any
method, the second graphic pattern 57 1s detected by a pattern
matching method 1n the present embodiment. That 1s, a pat-
tern 1mage of the second graphic pattern 57 1s pre-stored in the
main memory 32, and the CPU 31 detects an area that 1s
identical (similar) to the pattern image from the predeter-
mined areas, thus detecting the second graphic pattern 57.
The process of detecting the second graphic pattern 57 may be
performed with any precision. Note that since this process can
be performed with the limited areas, 1.e., the predetermined
areas, 1t does not need to be performed with a high precision.

As a specific process of step S27, the CPU 31 first reads out
the vertex data 68 from the main memory 32, and identifies
the four predetermined areas based on the four vertices. Next,
the pattern 1mage of the second graphic pattern 57 1s read out
from the main memory 32, and a portion that 1s identical to the
pattern 1mage 1s detected from the four predetermined areas
identified. The process of step S28 1s performed following
step S27.

In step S28, the CPU 31 determines whether the second
graphic pattern 37 has been detected 1n step S27. That 1s, 1t 15
determined whether there 1s an area, among the four prede-
termined areas, where the second graphic pattern 37 has been
detected. If the determination result of step S28 1s affirmative,
the process of step S29 1s performed. On the other hand, 11 the
determination result of step S28 1s negative, the process of
step S30 to be described later 1s performed.
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In step S29, the CPU 31 identifies the direction of the
marker 51 (with respect to the four directions (up, down, left
and right)). Now, once the direction of the predetermined area
where the second graphic pattern 57 has been detected as
viewed from the rectangular shape formed by four vertices
(the direction of the predetermined area as viewed from the
rectangular shape) 1s known, 1t means that the direction in
which the second graphic pattern 57 1s located with respect to
the first graphic pattern 55 in the captured 1mage 1s known,
and 1t 1s therefore possible to 1dentify the direction of the
marker 51. That 1s, 1n step S29, the direction of the marker 51
1s 1dentified based on the direction in which the second
graphic pattern 57 1s located with respect to the first graphic
pattern 55 in the captured image.

Note that 1n the present embodiment, the position and
direction of the marker 51 are represented by two vectors V1
and V2 connecting together the four vertices. Specifically, the
vector V1 1s a vector whose start point 1s the upper left vertex
and whose end point 1s the upper right vertex where 1t 1s
assumed that the upper direction is the direction 1n which the
second graphic pattern 57 1s located with respect to the first
graphic pattern 55. The vector V2 1s a vector whose start point
1s the lower left vertex and whose end point 1s the lower right
vertex, under the above settings. Where the vectors V1 and V2
are assumed as described above, 1f the predetermined area
where the second graphic pattern 57 has been detected 1s
located along the straight line L1 shown in FIG. 19, for
example, the straight line L1 shown 1n FIG. 19 1s the upper
side of the rectangular shape formed by four vertices. There-
fore, 1n such a case, the vector V1 i1s calculated as a vector
whose start point 1s the point P11 and whose end point 1s the
point P12, and the vector V2 1s calculated as a vector whose
start point 1s the point P13 and whose end point 1s the point
P14. The position and direction of the marker 51 can be
represented by these vectors V1 and V2.

In step S29, the CPU 31 calculates the vectors V1 and V2
by using the four vertices so that they extend 1n a direction
according the direction of the predetermined area where the
second graphic pattern 57 has been detected with respect to
the rectangular shape formed by four vertices. Data represent-
ing the calculated vectors V1 and V2 1s stored in the main
memory 32. After step S29 described above, the CPU 31 exits
the marker detection process.

On the other hand, 1n step S30, the CPU 31 determines that
the first graphic pattern 35 1s absent in the object area which
1s the subject of the current marker detection process. In such
a case, the various data 65 to 68 calculated 1n steps S21 to S28
of the current marker detection process are deleted from the
main memory 32. After step S30, the CPU 31 exits the marker
detection process.

In the marker detection process, the CPU 31 detects a
plurality of mnner graphic patterns from the image of the
object area (step S23) and calculates the center positions of
the inner graphic patterns, thereby detecting the marker 51
(steps S25 and S26). Thus, because the center positions of the
inner graphic patterns are used, the position of the marker 51
can be calculated accurately even 1if the captured 1mage 1s
blurred.

By the series of processes of steps S21 to S23, the outline
of the first graphic pattern 35 1s extracted from within the
object area (step S21), and 1t 1s determined whether the
extracted outline represents the first graphic pattern 55 (step
S22). Then, if the extracted outline represents the first graphic
pattern 55, a plurality of inner graphic patterns 56 are detected
from within the area corresponding to the outline (step S23).
That 1s, the inner graphic patterns 36 are detected from within
the area corresponding to the outline that 1s determined to be
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representing the first graphic pattern 55. Thus, object areas
that do not include the first graphic pattern 335 can be excluded
betore the process of detecting the inner graphic patterns 56,
and 1t 1s therefore possible to prevent the process of detecting
the inner graphic patterns 56 from being performed waste-
tully, and to efficiently perform the recognition process.
Moreover, 1n the present embodiment, the outline extracting
process can be performed more quickly than the process of
detecting the inner graphic pattern 56, and the game apparatus
1 can therefore perform the recognition process in a shorter
period of time.

By the series of processes of steps S23 to S25, areas of a
plurality of inner graphic patterns 56 are detected in the object
area (step S23) and 1t 1s determined whether the number of
areas detected 1s equal to a predetermined number (step S24).
If the number of areas detected 1s equal to the predetermined
number, the center positions of the areas are calculated (step
S25). That 1s, the center positions of the inner graphic patterns
56 are calculated for the object area where a predetermined
number of areas have been detected. Thus, object areas that do
not include the first graphic pattern 535 can be excluded before
the process of calculating the center positions of the inner
graphic patterns 56, and it 1s therefore possible to prevent the
process of calculating the center positions from being per-
formed wastefully, and to efliciently perform the recognition
pProcess.

In the marker detection process, the precision of the pro-
cess of detecting the 1nner graphic patterns 56 (step S23) i1s
equal to the precision of the process of calculating the center
positions of the inner graphic patterns 56 (step S25). In other
embodiments, the CPU 31 may perform the process of detect-
ing the mner graphic patterns 56 with a lower precision than
that of the process of calculating the center positions of the
inner graphic patterns 36. That 1s, the pixel pitch at which
pixel values are obtained in the process of detecting the inner
graphic patterns 36 may be set to be larger than that at which
pixel values are obtained in the center position calculating
process. Then, the process of detecting the mner graphic
patterns 56 can be performed more quickly, and the recogni-
tion process can be performed more quickly. Note that the
process ol detecting the mner graphic patterns 56 may be
performed with the same precision as that of the process of
extracting the outline of the first graphic pattern 35 (step S21),
or may be performed with a higher precision than that of the
extracting process.

Referring back to FIG. 12, the process of step S16 1s per-

formed following the marker detection process of step S15. In
step S16, the CPU 31 determines whether the marker detec-
tion process has been performed for all object areas detected
in step S11. If the determination result of step S16 1s aflirma-
tive, the process of step S17 1s performed. On the other hand,
if the determination result of step S16 1s negative, the process
of step S14 1s executed again. Thereatter, the process of steps
S14 to S16 1s repeated until 1t 1s determined 1n step S16 that
the marker detection process has been performed for all
object areas. Thus, the marker detection process 1s performed
for each object area detected 1n step S11.

In step S17, the CPU 31 determines whether the marker 51
has been detected 1n the marker detection process of step S15.
Specifically, the CPU 31 determines whether the marker 51
has been detected based on whether the recognition result
data 69 1s stored in the main memory 32. If the determination
result of step S17 1s aflirmative, the process of step S18 1s
performed. On the other hand, if the determination result of
step S17 1s negative, the process of step S13 1s executed again.
That 1s, 1f the determination result of step S17 1s negative, 1t 1s
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determined that the recognition of the marker 51 has failed,
and the process exits the recognition process.

Instep S18, the CPU 31 stores information representing the
position and direction of the marker 51 obtained 1n the marker
detection process of step S15 as the recognition result. That 1s,
datarepresenting the vectors V1 and V2 calculated in step S29
of the marker detection process 1s stored 1n the main memory
32 as the recognition result data 69. After step S18, the CPU
31 exits the recognition process.

Note that 1n the marker detection process, the vectors V1
and V2 may be calculated for each of a plurality of object
areas detected 1n step S11 from one captured image. That 1s,
a plurality of sets of the vectors V1 and V2 may be stored 1n
the main memory 32 1n a single recognition process. In such
a case, one of the sets represents the correct marker 51, and the
others are resulting from erroneous detection. Therefore, 1n
such a case, the CPU 31 may select the vectors V1 and V2
which represent the correct marker 51 based on the shape, the
arrangement, etc., of the graphic patterns (the first graphic
pattern 55, the inner graphic pattern 56 and the second
graphic pattern 37) obtained 1n the marker detection process.
For example, 1t 1s possible to select the correct vectors V1 and
V2 based on the outline of the first graphic pattern 35
extracted 1n step S21, the arrangement of the 1nner graphic
patterns 56 detected 1n step S23, the degree of similarity
between the second graphic pattern 57 detected in step S27
and the pattern image, etc. The CPU 31 stores data represent-
ing the selected vectors V1 and V2 1n the main memory as the
recognition result data 69. Thus, even if a plurality of sets of
the vectors V1 and V2 are obtained (by erroneous detection)
in the recognition process, 1t 1s possible to obtain correct
recognition results. Note that in other embodiments, if a plu-
rality of sets of the vectors V1 and V2 are obtained 1n a single
recognition process, the CPU 31 may determine that the
recognition has failed.

In the recognition process described above, an object area
1s detected (step S11) based on pixel values obtained at a first
pitch (3-pixel pitch) across the captured image. Then, the first
graphic pattern 55 1s detected from the 1mage of the object
area based on pixel values obtained at a second pitch (1-pixel
or 2-pixel pitch) which 1s smaller than the first pitch across the
object area of the captured image. Thus, 1t 1s possible to
perform the recognition process quickly by performing the
process of detecting the object area 1n a short period of time.
Since the process of detecting the first graphic pattern 55 1s
performed with a high precision, it 1s possible to detect the
first graphic pattern 53 accurately with a high precision. That
1s, with the recognition process described above, the process
of detecting the first graphic pattern 55 from the captured
image can be performed quickly and precisely.

Note that 1t 1s assumed 1n the present embodiment that the
recognition process of step S2 1s performed 1n a frame period,
and the recognition process 1s completed within the process
loop through steps S1 to S7. Depending on the resolution of
the captured 1image or the capacity of the CPU 31, etc., it may
be difficult for a single recognition process to be completed
within a frame period. Therelfore, 1n other embodiments, the
recognition process does not have to be performed with the
same cycle as a process such as the display process (step S5)
which 1s performed with a cycle of a frame period. That 1s,
only a portion of the recognition process may be performed 1n
a single 1teration of step S2. In such a case, the amount of
process to be performed 1n each iteration of step S2 1s adjusted
so that the series of processes of steps S1 to S7 can be
completed within a frame period. In other words, the recog-
nition process may be performed separately from, and in
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parallel to, the process loop through steps S1 to S7 (excluding
S2), and may be performed while the CPU 31 1s 1dling.

Referring back to FIG. 11, the process of step S3 is per-
formed following the recognition process of step S2. In step
S3, the CPU 31 determines whether the recognition process
of step S2 has succeeded. The determination of step S3 can be
made based on whether the recognition result data 69 stored
in the main memory 32 represents the position and direction
of the marker 51. If the determination result of step S3 1s
allirmative, the process of step S4 1s performed. On the other
hand, 11 the determination result of step S3 1s negative, the
process of step S4 1s skipped and the process of step S5 to be
described later 1s performed.

In step S4, the CPU 31 calculates the position and orienta-
tion of a virtual camera based on the recognition results of
step S2. The virtual camera 1s a camera assumed 1n the virtual
space for determining the point of view, the viewing direction
and the viewing angle for producing an 1image of the virtual
space. In step S4, the CPU 31 first calculates the positional
relationship between the game apparatus 1 (camera) and the
marker 51 based on the position and direction of the marker
51 which are the recognition results of step S2. The positional
relationship 1s represented as the three-dimensional position
and orientation of one of the game apparatus 1 and the marker
51 with respect to the other, for example. Next, the CPU 31
calculates the position and orientation of the virtual camera 1n
the virtual space based on the positional relationship. The
position and orientation of the virtual camera are calculated
so that the positional relationship between the virtual camera
in the virtual space and the position corresponding to the
marker 51 1n the virtual space 1s equal to the positional rela-
tionship between the game apparatus 1 and the marker 51 1n
the real space. Note that the process of step S4 may be a
method similar to a process used in a conventional augmented
reality technique as described in, for example, Non-Patent
Document 1 1dentified above. I the recognition process of
step S2 has failed, the CPU 31 does not calculate the position
and orientation of the virtual camera, but uses the position and
orientation of the virtual camera which were calculated when
the recognition process succeeded last. The process of step S5
1s performed following step S4.

In step S5, the CPU 31 performs a game control process.
The game control process 1s a process for allowing the game
to progress by, for example, moving an object around in the
virtual space according to, for example, an input from a user
(player). Specifically, the game control process includes the
process of controlling the action of the player character
according to the user input, and the process of controlling the
action of the object (e.g., the cannon 52 shown in FIG. 4)
according to control rules prescribed in the game program 61.
The CPU 31 may use, as game nputs, the recognition result
data 69 as well as operations on various input devices (the
touch panel 13 and the operation buttons 14A to 14L) pro-
vided on the game apparatus 1. For example, the position of
the virtual camera calculated from the recognition result data
69 may be used as the position of the player character. The
process ol step S6 1s performed following step SS.

In step S6, the CPU 31 produces a synthesized image by
synthesizing together the captured image and the image (vir-
tual 1image) of the virtual object in the virtual space, and
displays the synthesized 1mage on a display apparatus (the
upper LCD 22). That 1s, the CPU 31 first produces a virtual
image based on the position and orientation of the virtual
camera set 1n step S4. Thus, there 1s produced an 1mage of the
virtual object as viewed from the position of the virtual cam-
era. Next, the CPU 31 produces and displays a synthesized
image by synthesizing the produced image of the virtual
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object with the captured image. Note that the captured image
used for producing the synthesized image may be the latest
captured 1mage obtained or the latest captured image for
which the recognition process has succeeded. Note that the
synthesized image producing process may be a process simi-
lar to that of a conventional augmented reality technique. The
process of step S7 1s performed following step S6.

In step S7, the CPU 31 determines whether the game
should be ended. The determination of step S7 1s made based
on, for example, whether the game has been cleared, the game
has been over, the player has given an instruction to quit the
game, etc. If the determination result of step S7 1s negative,
the process of step S1 1s executed agaln The process loop
through steps S1 to S7 1s repeated until 1t 1s determined 1n step

S7 that the game should be ended. On the other hand, 11 the

determination result of step S7 1s alfirmative, the CPU 31
ends the game process shown 1n FIG. 11. The game process 1s
as described above.

With the game process described above, it 1s possible to
perform the recognition process quickly and precisely by
changing the process precision between the object detection
process (step S11) of detecting the area of the first graphic
pattern 35 from the captured 1image, and the marker detection
process (step S15) of detecting the marker 51 including the
first graphic pattern 335 from the detected area. By calculating
the center positions of the inner graphic patterns 56 1n the first
graphic pattern 55 and calculating the positions (four verti-
ces) on the marker 51 based on the center positions, it 1s
possible to accurately calculate the position of the marker 51
even 1f the captured image 1s blurred.

Note that by the series of processes of steps S3 to S6, 1f the
marker 51 1s detected (Yes 1n step S3), the positional relation-
ship between the marker 51 and the external camera 25 1s
calculated based on the process result of the recognition pro-
cess (the detection result for the marker 51) (step S4). Then,
the virtual image representing the virtual object placed 1n the
virtual space 1s produced based on the positional relationship,
and an 1mage obtained by synthesizing the virtual image with
the captured image 1s displayed on the display apparatus (step
S5). Therefore, 1n the present embodiment, the recognition
process described above can be used in a so-called “aug-
mented reality technique™. Herein, if an augmented reality
technique 1s used as described in the present embodiment, 1t 1s
preferred that the position and direction of the marker 51 are
calculated accurately in the recognition process. In a game
process such as one of the present embodiment, 1t 1s preferred
that the recognition process 1s performed quickly as 1t 1s
undesirable 11 a process delay deteriorates the response speed
to game operations or delays the game progress. Therelore,
the recognition process of the present embodiment, which can
be performed quickly and precisely, 1s particularly effective
in a game process using an augmented reality technique.

| Variations]

The above embodiment 1s an example of how the present
invention can be carried out, and the present invention may be
carried out as described below, for example, 1n other embodi-
ments.

(Variation Using Another Recogmition Method)

The above embodiment uses a recognition method in
which the first graphic pattern 535 including the inner graphic
patterns 56 1s the image object, and the first graphic pattern 35
1s detected by calculating the center positions of the inner
graphic patterns 56. Herein, the method for recognizing the
image object 1s not limited to the method for calculating the
center position of the inner graphic pattern 56 described
above, but may be another method. As a variation using
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another recognition method, a variation using a recognition
method using a pattern matching method will now be
described.

FIG. 20 1s a diagram showing a marker used 1n a variation
of the present embodiment. In this variation, a marker 71
shown 1 FIG. 20 1s used instead of the marker 51 shown 1n
FIG. 6. The marker 71 does not include a plurality of inner
graphic patterns, and includes a third graphic pattern 72 with
a predetermined graphic pattern (an arrow 1n FIG. 20) drawn
therein. In this variation, the third graphic pattern 72 1s the
object to be recognized (detected) 1n the recognition process.
Note that while the predetermined graphic pattern may be any
graphic pattern, it 1s preferably such a graphic pattern that
does not stay in the same shape when rotated by a predeter-
mined angle so that the direction of the marker 71 can be
1dentified.

FIG. 21 1s a flow chart showing the flow of a marker
detection process 1n a variation of the present embodiment.
Note that the recognition process 1n this variation 1s the same
as that shown 1 FIG. 12 except for the marker detection
process. Therefore, the area detection process (step S11) 1s
performed with a low precision also in this variation.

In the marker detection process of this variation, first, 1n
step S41, the CPU 31 extracts the outline of the third graphic
pattern 72 of the marker 71 with a high precision. That 1s, the
CPU 31 extracts the outline of the third graphic pattern 72 by
referencing pixel values at a 1-pixel pitch across the object
area. Note that the outline extracting method 1s similar to that
of step S21. Data of the pixels forming the extracted outline 1s
stored 1n the main memory 32. The process of step S42 1s
performed following step S41.

In step S42, the CPU 31 determines whether the outline
extracted 1n step S21 represents the marker. The determina-
tion of step S42 can be made by the same method as the
determination process of step S22 described above although
the precision of the outline 1s different from that of the deter-
mination process of step S22. If the determination result of
step S42 1s aflirmative, the process of step S43 1s performed.
On the other hand, 11 the determination result of step S42 1s
negative, the process of step S47 to be described later 1s
performed.

In step S43, the CPU 31 reads out the pattern 1mage rep-
resenting the third graphic pattern 72 from the main memory
32. Note that there may be a single pattern image representing
the third graphic pattern 72, or there may be a total of four
different pattern images 1ncluding one pattern image and
three other versions thereof rotated by 90°, 180° and 270°.
The process of step S44 1s performed followmg step S43.

In step S44, the CPU 31 performs pattern matching for the
third graphic pattern 72 across the object area. That 1s, an area
that 1s 1dentical (similar) to the pattern image read out 1n step
S43 15 detected from within the object area. Note that the
pattern matching in step S44 may be performed with any
precision, and i1t does not have to be performed with a high

precision. The process of step S45 1s performed following
step S44.

In step S45, the CPU 31 determines whether the third
graphic pattern 72 has been detected 1n the object area by the
pattern matching 1n step S44. If the determination result of
step S45 1s allirmative, the process of step S46 1s performed.
On the other hand, 11 the determination result of step S43 1s
negative, the process of step S47 1s performed.

In step S46, the CPU 31 1dentifies the position and direc-
tion of the marker 71 based on the result of the pattern match-
ing in step S44. That 1s, the CPU 31 calculates the positions of
the four vertices based on the outline of the third graphic
pattern 72 extracted in step S41, and calculates the direction
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of the third graphic pattern 72 with respect to the four direc-
tions (up, down, left and right) based on the direction of the
pattern 1image when 1t matched the captured image. More-
over, the process calculates the vectors V1 and V2 described
above for the third graphic pattern 72 based on the calculated
positions of the four vertices and the direction of the third
graphic pattern 72 with respect to the four directions. Thus, 1t
1s possible to 1dentify the position and direction of the marker
71. After step S46 described above, the CPU 31 exits the
marker detection process.

On the other hand, 1n step S47, the CPU 31 determines that
no marker 1s present in the object area which 1s the subject of
the current marker detection process. The process of step S47
1s the same as that of step S40 described above. After step S47
described above, the CPU 31 exits the marker detection pro-
CEesS.

As described above, 1n this varnation, 1t 1s possible 1n the
marker detection process shown in FIG. 21 to calculate the
position of the marker 71 (the third graphic pattern 72) with
high precision through the process of steps S41 and S46. As in
the above embodiment, the area detection process (step S11)
1s performed with a low precision, and the marker detection
process 1s performed only for the object area. Therefore, as in
the above embodiment, 1t 1s possible to perform the recogni-
tion process 1n a short period of time. Therefore, also 1n this
variation, 1t 1s possible to perform the recognition process
quickly and precisely, as 1n the above embodiment.

The recognition process may be any process in which the
object (the first graphic pattern 55) 1s detected by a low-
precision area detection process and a high-precision marker
detection process, and there 1s no limitation on the specific
detection methods for these two processes. For example, the
game apparatus 1 may use a pattern matching method for
detection both 1n the two processes. That 1s, 1n the area detec-
tion process, the game apparatus 1 detects, from the captured
image, an object area that 1s identical (similar) to the pattern
image by performing pattern matching based on pixel values
obtained at a 3-pixel pitch. Then, the marker detection pro-
cess determines whether the first graphic pattern 53 1s present
within the object area by performing pattern matching based
on pixel values obtained at a 1-pixel pitch across the detected
object area. Also 1n this manner, the game apparatus 1 can
perform the recognition process quickly and precisely as in
the above embodiment.

(Variation Regarding Method for Calculating Four Vertices
from Center Positions)

In step S24, the CPU 31 determines whether the number of
areas of the inner graphic patterns 36 detected 1n step S23 1s
a predetermined number. Herein, 1n the present embodiment,
the four vertices are i1dentified by calculating four straight
lines from the center positions of the eight inner graphic
patterns 36, and it 1s therefore possible to calculate the four
vertices even 1f the eight inner graphic patterns 36 have not all
been detected. For example, the four straight lines L1 to L4
can be calculated even 1f one of the center points P1 to P8 1s
missing 1n FIG. 17. Therefore, 1n other embodiments, the
CPU 31 may determine in step S24 whether the number of
areas ol the iner graphic patterns 56 detected 1n step S23 1s
within a predetermined range. Herein, the predetermined
range 1s a range mcluding the number of iner graphic pat-
terns (e1ght), and 1s, for example, a range from seven to eight.

Note that 1n the above embodiment, when calculating four
straight lines from seven center positions, 1t 1s necessary to
identily one straight line from two center positions. In this
case, 1t 1s necessary to avoid a situation where an mvalid
straight line 1s calculated from an invalid set of two center
positions (e.g., a case where a straight line passing through
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the center point P3 and the center point P4 1s calculated).
Therefore, the CPU 31 may calculate the four straight lines
from seven center positions so as to satisly the following
conditions, for example.

Condition 1: To pass through two or three of the seven
center positions.

Condition 2: To lie generally parallel to one of four straight
lines that represent the outline of the first graphic pattern 55.

Condition 3: To lie within a predetermined distance from
one of four straight lines that represent the outline of the first
graphic pattern 35 (to not pass near the center of the first
graphic pattern 55).

Note that 1n Conditions 2 and 3, the four straight lines that
represent the outline of the first graphic pattern 35 may be
those calculated in step S22. By calculating straight lines each
satistying Conditions 1 to 3, it 1s possible to calculate four
straight lines from seven center positions.

As described above, the image object may be the first
graphic pattern 55 including three or more inner graphic
patterns arranged along a single straight line, and an approxi-
mate straight line may be calculated from the center positions
of two or more ner graphic patterns so as to calculate the
position of the marker 51 (the positions of the four vertices)
based on the approximate straight line. Then, there 1s pro-
vided redundancy in the number of inner graphic patterns,
whereby 1t 1s possible to calculate the positions of the four
vertices even 1f the inner graphic patterns cannot all be
detected.

(Variation Regarding Marker)

While the above embodiment 1s directed to an example
where the marker 51 including the first graphic pattern 335
with the eight inner graphic patterns 56 drawn therein 1s used,
the marker that can be used in the present mvention 1s not
limited to this. For example, 1n other embodiments, the num-
ber of the mner graphic patterns 36 1s not limited to eight.
FIG. 22 1s a diagram showing a marker of a variation of the
present embodiment. A marker 73 shown 1n FIG. 22 includes
a first graphic pattern 74 with twelve inner graphic patterns 56
therein, and a second graphic pattern 57 similar to that of FIG.
6. The twelve mner graphic patterns 56 1n the first graphic
pattern 74 are arranged at the four vertices and along the four
sides of the rectangular shape (square). In other embodi-
ments, the marker 73 shown in FIG. 22 may be used instead of
the marker 51 shown in FIG. 6. In a case where the marker 73
1s used, the CPU 31 may calculate the straight lines L1 to L4
from three or four center positions in step S26 described
above. Then, there 1s provided redundancy in the number of
iner graphic patterns, whereby the CPU 31 can calculate the
positions of the four vertices even if the inner graphic patterns
cannot all be detected.

While 1t 1s assumed 1n the above embodiment that the inner
graphic patterns 56 are all of the same color (white), the colors
of the inner graphic patterns 36 may ditfer from one another
depending on the position within the first graphic pattern 55 1n
other embodiments. FIG. 23 1s a diagram showing a marker of
another variation of the present embodiment. A marker 75
shown 1n FIG. 23 includes a first graphic pattern 76 with
twelve 1nner graphic patterns 56 drawn therein, as does the
first graphic pattern 74 shown 1n FIG. 22. Herein, in the first
graphic pattern 76, the colors of the inner graphic patterns 56
arranged along the four sides of the rectangular shape
(square) are different from one another for each side (direc-
tions and density of hatching represent different colors in
FIG. 23). In other embodiments, the marker 75 shown 1n FIG.
23 may be used instead of the marker 51 shown in FIG. 6. In
such a case, the CPU 31 may calculate the direction of the
marker 75 (the direction with respect to the four directions
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(up, down, left and right)) without using the second graphic
pattern. That 1s, the CPU 31 can identily the direction with
respect to the four directions (up, down, leit and right) of the
marker 75 by detecting the color of the inner graphic patterns
56.

In the above embodiment, the marker 51 1s provided with a
white frame around the black first graphic pattern 53 for the
purpose of making 1t easier to detect the first graphic pattern
55. Theretore, the object to be detected 1n the recognition
process 1s the first graphic pattern 33 inside the marker 51. In
other embodiments, there may be no white frame, and the
object to be detected 1n the recognition process may be the
entire marker 51.

In the above embodiment, the marker 51 includes the sec-
ond graphic pattern 57 at a position different from the first
graphic pattern 55. The CPU 31 identifies the direction (the
direction with respect to the four directions (up, down, left
and right)) of the first graphic pattern 535 based on the direc-
tion 1n which the second graphic pattern 57 1s located with
respect to the first graphic pattern 55 (529). In other embodi-
ments, a marker including second graphic patterns drawn
inside a first graphic pattern may be used. For example, in the
marker 51 shown in FIG. 6, the second graphic pattern 57 may
be formed inside a rectangular shape represented by the eight
iner graphic patterns 36 inside the first graphic pattern 55.
Note that the second graphic pattern may be any graphic
pattern as long as the direction thereot can be 1dentified, such
as the arrow-shaped graphic pattern of the above embodi-
ment. Then, the CPU 31 detects the second graphic pattern
from the area 1nside the rectangular shape formed by the four
vertices, after calculating the four vertices 1n step S26. Then,
the direction of the first graphic pattern with respect to the
tour directions (up, down, left and right) 1s identified based on
the direction of the second graphic pattern detected. Also with
this method, as with the above embodiment, 1t 1s possible to
identify the direction of the first graphic pattern with respect
to the four directions (up, down, left and right). Note however
that when a marker with the second graphic pattern drawn
inside the first graphic pattern 1s used, the inside graphic
patterns and the second graphic pattern are both included
inside the first graphic pattern. Therefore, there 1s an
increased possibility of erroneous detection when detecting
the inside graphic patterns (as compared with that of the
above embodiment), and the precision of the recognition
process may possibly decrease. In other words, since the
above embodiment uses a marker only with the inside graphic
patterns 1nside the first graphic pattern, 1t 1s possible to more
accurately detect the inside graphic patterns and to improve
the precision of the recognition process.

While the marker 51 1s a thin plate-like member with a
predetermined graphic pattern drawn thereon in the above
embodiment, the marker 51 may be implemented by display-
ing a predetermined graphic pattern on a display apparatus 1n
other embodiments. For example, in other embodiments,
another portable game apparatus with the marker 51 dis-
played on 1ts screen may be used as the marker 51.

(Variation Regarding Captured Image Used 1n Recognition
Process)

In the above embodiment, the same captured 1image 1s used
with the low-precision area detection process (step S11), and
the high-precision marker detection process (step S135). In
other embodiments, 1mages of diflerent resolutions may be
used 1n the two processes. Specifically, the area detection
process may use an image with a resolution lower than the
captured 1mage used in the marker detection process. For
example, where the game apparatus 1 produces a low-reso-
lution 1mage from an 1mage captured by the camera because,
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for example, such an 1image 1s needed 1n a process other than
the recognition process, the low-resolution 1mage may be
used 1n the area detection process.

(Variation Regarding Calculation of Marker Position)

In the above embodiment, the CPU 31 calculates the center
positions of the inner graphic patterns 56, and calculates the
position of the marker 51 (the positions of the four vertices
P11 to P14) 1n the captured image based on the center posi-
tions. In other embodiments, the CPU 31 may use the center
positions of the mnner graphic patterns 56 directly as the
position of the marker 51. For example, the CPU 31 may use
the points P1, P3, P6 and P8 shown 1n FIGS. 9 and 17 as the
position of the marker 51. While positions of four points (the
positions of the four vertices P11 to P14) are used as infor-
mation representing the position and direction of the marker
51 1n the above embodiment, the position and direction of the
marker 51 can be identified when positions of three or more
points of the marker 51 are known. Therefore, in other
embodiments, positions of three or five or more points may be
used as information representing the position and direction of
the marker 51. Therefore, the CPU 31 can detect the position
and direction o the marker 51 based on the center positions of
three or more mnner graphic patterns.

(Other Variations)

In the above embodiment, the game apparatus 1 executes
the recognition process on an 1mage that 1s captured 1n real
time by the external camera 25 of the game apparatus 1. In
other embodiments, the captured image used 1n the recogni-
tion process may be an 1mage that has been captured in the
past or a captured image that the game apparatus 1 obtains
from an external device. While the external camera 25 1s built
in the game apparatus 1 in the above embodiment, an external
camera that can be attached to the game apparatus 1 may be
used instead of the external camera 25 in other embodiments.

The above embodiment 1s directed to a case where a rec-
ognition process 1s used in an augmented reality techmique.
The object to be recognized 1n the recognition process 1s a
marker used in an augmented reality technique. The present
invention 1s applicable to any 1mage recognition process of
recognizing any image object from a captured image. For
example, 1n other embodiments, the recognition process may
be used 1n an application where the face of a user 1s recog-
nized from a captured 1mage, followed by a predetermined
process performed on the recognized face (e.g., adding
thereon scribbles, etc.).

While the recognition process 1s performed by only one
information processing apparatus (the game apparatus 1) 1n
the above embodiment, the recogmition process may be allot-
ted to a plurality of information processing apparatuses 1n an
image recognition system having a plurality of information
processing apparatuses that can communicate with each other
in other embodiments.

As described above, the present invention can be used as a
game program or a game apparatus, for example, for the
purpose of, for example, shortening the amount of time
required for detection while maintaining the object detection
precision.

While the invention has been described 1n detail, the fore-
going description 1s 1n all aspects illustrative and not restric-
tive. It 1s understood that numerous other modifications and
variations can be devised without departing from the scope of
the invention.

What 1s claimed 1s:

1. A non-transitory computer-readable storage medium
having stored therein an 1mage recognition program to be
executed by a computer of an information processing appa-
ratus for detecting a predetermined 1mage object included in
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a captured 1mage captured by an 1mager, the 1mage recogni-
tion program instructing the computer to execute:

obtaining the captured image captured by the imager;

detecting an object area of the captured image that includes

the predetermined 1mage object based on pixel values
obtained at a first precision across the captured image,
the predetermined 1image object including a graphic pat-
tern with a plurality of inner graphic patterns drawn
therein;

if the detection of the object area has succeeded, detecting,

the plurality of 1mner graphic patterns included in the
predetermined 1mage object that i1s present within the
detected object area of the captured image based on pixel
values obtained at a second precision that 1s higher than
the first precision across the detected object area of the
captured 1image, where the pixel values are obtained at
the second precision by using the detected object area;
and

if the detection of the object area has failed, detection of the

predetermined 1mage object 1s not performed at the sec-
ond precision,

wherein the detected object area 1s a portion of the captured

image that 1s smaller than the captured image and
includes the predetermined 1image object.
2. The storage medium according to claim 1, wherein the
image recognition program further instructing the computer
to execute calculating, as part of detection of the predeter-
mined 1image object by the second precision pixel values a
position of the predetermined 1mage object within the cap-
tured 1image based on the pixel values obtained at the second
precision.
3. The storage medium according to claim 1, wherein:
the 1mage recognition program further comprises instruc-
tions that cause the computer to execute:
calculating a center position of each inner graphic pat-
tern based on the pixel values obtained at the second
precision, thereby detecting the position of the prede-
termined 1mage object.
4. The storage medium according to claim 3, wherein:
the 1image recognition program instructs the computer to
further execute extracting an outline of the predeter-
mined 1image object 1n the detected object area,

detecting the plurality of inner graphic patterns from an
area within the extracted outline.

5. The storage medium according to claim 4, wherein the
outline of the predetermined 1image object 1s extracted based
on pixel values obtained at a third precision higher than the
first precision and lower than the second precision across the
captured 1image.

6. The storage medium according to claim 4, wherein:

the 1image recognition program instructs the computer to

execute determining whether the extracted outline rep-
resents the predetermined image object; and

the plurality of inner graphic patterns are detected from

within an area corresponding to an outline that 1s deter-
mined to represent the predetermined 1mage object.

7. The storage medium according to claim 3, wherein, as
part of detecting the predetermined 1mage object by using the
second precision pixel values:

a plurality of iner graphic patterns are detected in the

object area; and

center positions of at least some of the detected plurality of

inner graphic patterns are calculated.

8. The storage medium according to claim 7, wherein the
plurality of inner graphic patterns are detected based on pixel
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values obtained at a fourth precision higher than the first
precision and lower than the second precision across the
captured 1image.

9. The storage medium according to claim 7, wherein
image recognition program further instructing the computer
to execute:

determining whether the detected number of areas is a

number within a predetermined range; and

center positions of the areas detected are calculated for the

object area where a number of areas, within the prede-
termined range, have been detected.

10. The storage medium according to claim 1, wherein the
object area 1s detected by extracting an outline of the prede-
termined 1mage object based on pixel values of pixels adja-
cent to one another at the first precision.

11. The storage medium according to claim 1, wherein:

the object area 1s detected based on pixel values of pixels

arranged at the first precision among all pixels of the
captured 1mage; and

the predetermined 1image object 1s detected based on pixel

values of pixels arranged at the second precision among
all pixels of the captured image.

12. The storage medium according to claim 1, wherein:

the 1mage recognition program instructs the computer to

further execute obtaining a pattern 1mage representing,
the predetermined 1mage object from a memory device
that can be accessed by the information processing appa-
ratus; and

whether the predetermined image object 1s included 1n the

object area 1s determined by comparing an 1image of the
object area with the pattern 1image.

13. The storage medium according to claim 1, wherein an
outline of the predetermined 1mage object 1s extracted from
an 1mage of the object area based on the pixel values obtained
at the second precision, and a position of the predetermined
image object 1s calculated in the captured image based on the
extracted outline.

14. The storage medium according to claim 1, wherein

the 1mage recognition program instructs the computer to

further execute:

calculating a positional relationship between the prede-
termined 1mage object and the 1mager based on the
detection results when the predetermined image
object 1s detected;

producing a virtual 1mage representing a virtual object
placed 1n a virtual space based on the positional rela-
tionship; and

displaying, on a display screen, an image obtained by
synthesizing the virtual image with the captured
1mage.

15. The medium of claim 1, wherein detection of the pre-
determined 1mage object 1s further based on:

detecting the plurality of inner graphic patterns from

within the detected object area;

calculating a center position of each one of the plurality of

inner graphic patterns; and

determiming a position of the predetermined 1image object

within the captured image based on the calculated center
positions ol each one of the plurality of mner graphic
patterns.

16. The medium of claim 1, wherein the image recognition
program 1nstructs the computer to further execute extracting,
an outline of the predetermined 1image object 1n the detected
object area,

wherein the outline of the predetermined 1image object 1s

extracted based on pixel values obtained at a third pre-
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cision higher than the first precision and lower than the
second precision across the captured 1mage.
17. The medium of claim 1, wherein only pixel values that

are within the detected object area are used to detect the
predetermined 1image object.

18. The medium of claim 1, wherein the predetermined

image object 1s detected without using portions of the cap-
tured 1mage that are outside of the detected object area.

19. An 1mage recognition apparatus for detecting an image

object, the 1image recognition apparatus comprising:

a processing system including at least one processor, the
processing system configured to:
receive a captured 1mage;
perform a first detection process to detect an object area
of the captured image that includes the 1image object
based on pixel values obtained at a first pitch across
the captured 1mage, the object area of the captured
image being smaller than the captured image that
includes the image object, the image object including
a graphic pattern with a plurality of inner graphic
patterns drawn therein;
responsive to successiully detecting the object area, per-
form a second detection process to detect the plurality
of mnner graphic patterns included 1n the graphic pat-
tern of the 1mage object that 1s within the detected
object area of the captured 1mage based on pixel val-
ues obtained at a second pitch smaller than the first
pitch across the object area of the captured image,
where the pixel values at the second pitch are obtained
by using the detected object area; and
as a result of failing to detect the object area, detection of
the image object based on the pixel values obtained at
the second pitch 1s not performed.
20. An 1image recognition system for detecting an 1mage

object, the 1image recognition system comprising:

a camera configured to capture an 1mage that includes an
image object;
a processing system that includes at least one processor
coupled to a memory, the processing system configured
to:
receive the captured 1image;
obtain pixel values at a first pitch across the captured
1mage;

perform a {irst process to detect an object area of the
captured 1mage that includes the image object based
on the obtained pixel values at the first pitch, the
object area of the captured image being smaller than
the captured image that includes the image object, the
image object including a graphic pattern with a plu-
rality of 1inner graphic patterns drawn therein;

in response to successiul determination of the object
area 1n the performed first process, perform a second
process to detect the plurality of mner graphic pat-
terns included in the image object that 1s located
within the detected object area of the captured image,
detection of the image object in the second process
based on pixel values obtained 1n accordance with the
detected object area and at a second pitch that 1s
smaller than the first pitch across the detected object
area of the captured 1image; and
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as a result of failing to detect the object area, detection of
the image object 1s not performed at the second pitch.
21. An image recogmition method for detecting an 1image

object included 1n a captured 1mage, the 1mage recognition

> method comprising:
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obtaining a captured image captured by an 1mager;

detecting, via at least one computer processor, an object
arca of the captured image based on pixel values

obtained at a first pitch across the captured 1mage, the

object area encompassing the 1image object, the 1mage

object including a graphic pattern with a plurality of
iner graphic patterns drawn therein;

if the object area of the captured 1image i1s successiully
detected, detecting, via at least one computer processor,
the plurality of inner graphic patterns included in the
image object that 1s present within the detected object
area based on pixel values obtained at a second pitch
smaller than the first pitch across the object area of the
captured 1mage, where the pixel values obtained at the
second pitch are obtained based on the object area that 1s
detected; and

11 the object area of the captured 1mage 1s not successiully
detected, detection of the image object based on the
pixel values obtained at the second pitch 1s not per-
formed,

wherein the detected object area 1s smaller than the cap-
tured 1mage that includes the 1image object.

22. A method of recognizing an object within an 1mage, the

method comprising:

recerving a captured image that includes at least a first
object that 1s to be detected, the first object including a
graphic pattern with a plurality of inner graphic patterns
drawn therein;

selecting a first plurality of pixel values of the captured
image at a first precision;

performing, via at least one computer processor, a lirst
process to detect an object area of the captured 1mage
based on the first plurality of pixel values, the object area
of the captured 1mage being smaller than the captured
image and encompassing the first object;

responsive to successiul detection of the object area by the
first process, selecting a second plurality of pixel values
from within the detected object area of the captured
image at a second precision, the second precision having,
more precision than the first precision, where the second
plurality of pixel values are selected as a function of the
detected object area;

performing a second process to detect, via at least one
computer processor, the plurality of inner graphic pat-
terns included in the first object from the detected object
area based on the selected second plurality of pixel val-
ues; and

as a result of failing to detect the object area, detection of
the first 1mage object based on the second plurality of
pixel values 1s not performed.

23. The method of claim 22, wherein the object area 1s

associated with additional pixels that are not part of the first
object.
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